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Herbicide  Programs  for  Weed  Control  in  Rice 


By  Roy  J.  Smith,  Jr.1 


ABSTRACT 


This  publication  reports  the  results  of  research  designed  to  compare  the 
efficacy  of  new  herbicide  treatmens  in  controlling  grass,  aquatic,  and  broadleaf 
weeds  in  dry-  and  water-seeded  rice.  Herbicides  were  tested  alone,  in  tank 
mixtures,  and  in  sequential  applications,  and  compared  to  standard  herbicide 
treatments.  Tests  were  conducted  over  several  years  at  two  locations  in 
Arkansas,  and  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and 
germination  were  determined  for  each  treatment.  Standard  herbicides  used 
in  the  research  were  propanil,  molinate,  and  2,4,5-T,  and  new  herbicides 
tested  were  bentazon,  bifenox,  butachlor,  butralin,  nitrofluorfen,  oxadiazon, 
oxyfluorfen,  potassium  azide,  sodium  azide,  thiobencarb,  and  triclopyr.  Index 
terms:  aquatic  weeds,  broadleaf  weeds,  grass  weeds,  herbicides,  rice,  rice 
quality,  rice  seed  germination,  rice  yields,  weed  control,  weeds. 


INTRODUCTION 
AND  SUMMARY 

Herbicides  and  cultural  and  mechanical  prac- 
tices are  required  to  control  weeds  that  reduce 
rice2  quality  and  yields.  In  the  United  States  in 
1975-77,  the  total  estimated  direct  losses  from 
weeds  and  the  cost  of  their  control  represented 
about  28%  of  the  value  of  the  crop  annually  (Smith 
et  al.  1977,  U.S.  Department  of  Agriculture-States- 
U.S.  Environmental  Protection  Agency  1979),  or 
about  $300  million  per  year. 

About  80  species  of  weeds  cause  economic  losses 
in  rice  in  the  United  States  (Smith  et  al.  1977). 
These  species  belong  to  about  40  genera  classed 
as  aquatic-semiaquatic  plants.  Some  germinate 
only  in  flooded  soil,  some  germinate  in  an  upland 


Research  agronomist,  Science  and  Education  Admin- 
istration, U.S.  Department  of  Agriculture,  RO.  Box  287, 
Stuttgart,  Ark.  72160 

2For  scientific  names  of  plants  mentioned  in  this  publica- 

tion, see  the  appendix. 


environment  but  grow  in  flooded  soil,  and  some 
can  germinate  and  grow  in  either  environment. 
Consequently,  weed  control  technology  must  be 
effective  on  weeds  that  vary  widely  in  their 
physical  and  physiochemical  characteristics.  The 
best  approach  to  controlling  weeds  in  U.S.  rice 
is  to  use  an  integrated  system  that  combines 
preventive,  cultural,  mechanical,  chemical,  and 
biological  practices.  Systems  that  omit  any  of 
these  components  are  usually  inadequate. 

Cultural  and  mechanical  practices  are  important 
components  of  weed  control  programs  for  rice,  but 
herbicides  are  essential  for  a control  system  to  be 
effective.  Most  U.S.  rice  is  treated  with  herbicides 
each  year:  about  80%  of  it  receives  multiple 
hprbicide  treatments. 

Because  in  the  past  two  decades  American  rice 
has  been  treated  only  with  herbicides  with  narrow 
ranges  of  chemical  activity,  weed  species  that 
compete  with  rice  have  shifted.  Continued  reliance 
on  such  herbicides  as  propanil,3  molinate,  2,4,5-T, 


3Chemical  names  of  herbicides  used  in  the  experiments 
are  given  in  table  1. 
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2,4-D,4  and  MCPA5  has  caused  an  increase  in 
problems  with  weed  species  tolerant  to  them; 
species  such  as  knotgrass,  morningglory,  panicum, 
pondweed,  smartweed,  sprangletop,  spreading  day- 
flower,  umbrellasedge,  and  waterprimrose  have 
increased  in  recent  years.  These  hard-to-kill  weeds 
are  primary  targets  for  research  as  are  susceptible 
grass,  broadleaf,  and  aquatic  weeds  that  are  not 
now  controlled  consistently. 

This  research  was  designed  to  compare  the 
efficacy  of  new  herbicide  treatments  (including 
new  herbicides  used  alone  or  as  components  of 
herbicide  programs)  for  control  of  grass,  aquatic, 
and  broadleaf  weeds  in  dry-  and  water-seeded  rice, 
and  to  determine  the  treatments’  phytotoxicity 
to  rice. 

Weed  Control  in 
Dry- Seeded  Rice 

• Combination  herbicide  treatments  consisting 
of  tank  mixtures  or  sequential  applications  of  a 
herbicide  with  preemergence  activity  and  another 
with  postemergence  activity  controlled  more  species 
of  weeds  than  single  herbicide  treatments,  and 
effective  control  lasted  longer  than  with  standard 
treatments  of  propanil  or  molinate  applied  alone  or 
combined.  They  controlled  bearded  and  tighthead 
sprangletop,  broadleaf  weeds  (eclipta,  hemp  ses- 
bania,  and  spreading  dayflower),  and  aquatic  weeds 
(ducksalad,  false  pimpernel,  redstem.  and  water- 
hyssop). 

• Tank  mixtures  of  propanil  (a  postemergence- 
active  herbicide)  with  butachlor,  oxadiazon,  or 
thiobencarb  (preemergence  or  residually  active 
herbicides)  consistently  controlled  the  grass- 
aquatic-broadleaf  weed  complexes.  Oxadiazon  and 
thiobencarb  exhibited  some  postemergence  activity, 
but  butachlor  did  not.  These  treatments  frequently 
caused  temporary  crop  injury  (leaf  chlorosis  and 
inhibition  of  plant  growth),  but  the  rice  usually 
recovered  by  midseason  and  produced  satisfactory 
grain  yield  and  quality.  (Oxadiazon  caused  greater 
injury  than  butachlor  or  thiobencarb.)  Because 
butachlor,  oxadiazon,  or  thiobencarb  gave  residual 
control  for  3 to  5 weeks  after  application,  flooding 
immediately  after  treatment  was  not  required  to 
prevent  reinfestation,  but  moisture  provided  by 


4(  2,4-Dichlorophenoxy)acetic  acid . 

5[(4-Chloro-o-tolyl)oxy (acetic  acid. 


timely  rains  or  irrigations  was  necessary  to  main- 
tain preemergence  activity. 

• Tank  mixtures  of  propanil  and  either  bifenox 
or  butralin  performed  unsatisfactorily. 

• Sequential  treatments  that  included  bifenox, 
butachlor,  oxadiazon,  or  thiobencarb  applied  pre- 
emergence followed  by  propanil  or  molinate  applied 
postemergence  controlled  the  grass-aquatic-broad- 
leaf  weed  complexes.  Although  these  preemergence- 
postemergence  treatments  performed  less  effectively 
than  postemergence  tank-mixture  treatments,  they 
performed  better  than  standard  treatments  of 
propanil  or  molinate  applied  alone  or  combined. 
Sequential  preemergence-postemergence  treatments 
of  butralin  or  oxyfluorfen  followed  by  propanil 
were  unsatisfactory. 

• Sequential  treatments  that  included  standard 
postemergence  applications  of  propanil  or  molinate 
followed  by  granular  bifenox  or  thiobencarb  con- 
trolled the  grass-aquatic-broadleaf  weed  complexes. 
These  treatments  performed  better  than  standard 
treatments  of  propanil  or  molinate  (alone  or  com- 
bined), but  they  performed  less  effectively  than  the 
most  active  postemergence  tank-mixture  or  pre- 
emergence-postemergence  sequential  treatments. 

9 Sequential  treatments  of  propanil  or  molinate 
applied  postemergence  and  followed  by  bentazon 
applied  after  emergence  of  aquatic  weeds  controlled 
barnyardgrass  and  the  aquatics,  but  these  treat- 
ments were  ineffective  on  bearded  sprangletop. 

• Sequential  postemergence  treatments  of  pro- 
panil followed  by  granular  nitrofluorfen  or  oxyflu- 
orfen controlled  barnyardgrass,  spreading  day- 
flower,  and  the  aquatic  weed  complex,  but  failed 
to  control  bearded  or  tighthead  sprangletop. 

• Sequential  treatments  including  a standard 
postemergence  propanil  application  followed  by 
triclopyr,  or  nitrofluorfen  followed  by  a standard 
application  of  molinate  performed  unsatisfactorily; 
crop  injury  was  too  high  and  efficacy  too  low. 

Weed  Control  in 
Water-Seeded  Rice 

• Single  treatments  of  thiobencarb,  tank  mix- 
ture0 of  propanil  and  thiobencarb,  and  sequential 
treacm^flts  of  propanil  followed  by  thiobencarb, 
all  applied  early  postemergence  to  water-seeded 
rice,  controlled  an  aquatic  weed  complex  of  duck- 
salad,  redstem,  spikerush,  and  waterhyssop,  and  a 
grass-broadleaf  weed  complex  of  barnyardgrass, 
bearded  sprangletop,  broadleaf  signalgrass,  eclipta, 


2 


and  spreading  dayflower.  These  treatments  con- 
trolled one-  to  four-leaf  weeds  and  were  safe  on 
an  established  stand  of  rice  (usually  when  plants 
were  8 to  15  cm  tall).  Thiobencarb  alone,  in  mix- 
tures, or  in  sequential  treatments  controlled  weeds 
residually  for  up  to  4 weeks  after  application. 
These  treatments  controlled  the  grass-aquatic- 
broadleaf  weed  complexes  better  than  standard 
treatments  of  propanil  or  postemergence  applica- 
tions of  tank  mixtures  of  either  propanil  or 
molinate  with  2,4,5-T  or  bentazon. 

• A tank  mixture  of  propanil  and  bentazon, 
applied  early  postemergence,  consistently  con- 
trolled redstem  and  waterhyssop,  but  gave  incon- 
sistent control  of  ducksalad.  This  mixture  also 
controlled  barnyardgrass,  broadleaf  signalgrass, 
eclipta,  and  spreading  dayflower,  but  failed  'to 
control  bearded  sprangletop. 

• Single  treatments  of  granular  potassium 
azide  or  sodium  azide  applied  postemergence  into 
the  floodwater  controlled  aquatic  weeds,  and  did 
not  injure  the  rice. 


MATERIALS  AND  METHODS 


The  experiments  were  conducted  at  the  Univer- 
sity of  Arkansas  Rice  Branch  Experiment  Station 
at  Stuttgart  and  the  Southeast  Branch  Experiment 
Station  at  Rohwer,  Ark.,  from  1973  through  1978. 
Five  experiments  comparing  herbicide  treatments 
in  dry-seeded  rice  (experiments  1-5)  were  repeated 
for  2 or  3 years.  Herbicide  treatments  were  the 
same  in  experiments  2 and  3 except  for  slight  rate 
adjustments  for  soil  differences  between  Stuttgart 
and  Rohwer.  Three  experiments  with  water-seeded 
rice  ( experiments  6-8 ) were  repeated  for  3 years  at 
Stuttgart;  herbicide  treatments  were  similar  within 
each  experiment. 

The  herbicides  used  are  listed  in  table  1.  The 
formulations  used  in  each  treatment  may  be  found 
by  consulting  table  1 or  the  tables  that  list  results 
(tables  5-23,  25-27,  29-31).  If  only  one  form  was 
used,  it  is  shown  in  table  1 only.  For  herbicides 
used  in  more  than  one  form,  the  emulsifiable  con- 
centrate form  was  used  unless  otherwise  indicated 
in  the  results  tables. 

The  effectiveness  of  numerous  herbicide  treat- 
ments in  controlling  the  grass-aquatic-broadleaf 
weed  complexes  in  dry-  and  water-seeded  rice  was 
tested.  Combination  treatments  consisted  of  tank 
mixtures  or  sequential  applications  of  a herbicide 
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Table  2.  — Herbicide  treatments  tested  on  dry-seeded  rice 


Treatment 


Time  of  treatment 


Single  herbicides: 

Bifenox1 2 

But  achlor1 

Butralin1 

Molinate2  3 

Oxadiazon1 

Oxyfluorfen1 

Propanil3 

Thiobencarb1 

Tank  mixtures: 

Propanil  + bifenox 

Propanil  + butachlor 
Propanil  + butralin 

Propanil  + molinate 

Propanil  + oxadiazon 
Propanil  + thiobencarb 
Sequential  treatments: 

Bifenox  followed  by  molinate 

Bifenox  followed  by  propanil 

Butachlor  followed  by  molinate 

Butachlor  followed  by  propanil 

Butralin  followed  by  propanil 

Molinate  followed  by  bentazon3 

Molinate  followed  by  bifenox 

Molinate  followed  by  thiobencarb 
Nitrofluorfen1  3 followed  by  molinate 
Oxadiazon  followed  by  propanil 
Oxyfluorfen  followed  by  molinate 
Oxyfluorfen  followed  by  propanil 
Oxyfluorfen  followed  by  thiobencarb 

Propanil  followed  by  bentazon 

Propanil  followed  by  bifenox 

Propanil  followed  by  molinate 
Propanil  followed  by  nitrofluorfen 

Propanil  followed  by  oxyfluorfen 

Propanil  followed  by  propanil 

Propanil  followed  by  thiobencarb 

Propanil  followed  by  triclopyr3 

Propanil  + molinate  followed  by  molinate 
Thiobencarb  followed  by  molinate 
Thiobencarb  followed  by  propanil 


Preemergence;  postemergence. 

Preemergence. 

Preemergence. 

Postemergence. 

Preemergence. 

Preemergence. 

Postemergence . 

Preemergence;  postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Preemergence-postemergence;  postemergence. 
Preemergence-postemergence ; postemergence, 
Preemergence-postemergence. 
Preemergence-postemergence. 
Preemergence-postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Preemergence-postemergence. 
Preemergence-postemergence ; postemergence. 
Preemergence-postemergence. 

Preemergence;  postemergence. 
Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Preemergence-postemergence;  postemergence. 
Preemergence-postemergence ; postemergence. 


•Preemergence-active  herbicide. 

2Residually  active  herbicide. 

3Postemergence-active  herbicide. 


with  preemergence  activity  and  another  with  post- 
emergence activity.  New  treatments  (using  new 
herbicides  or  new  combinations  of  old  herbicides) 
were  compared  with  single  or  sequential  applica- 
tions of  standard  herbicides  (propanil,  molinate,  or 
2,4,5-T)  applied  postemergence.  The  treatments 
tested  are  listed  in  tables  2 and  3. 

Experiments  were  located  on  different  sites  each 
year,  on  which  rice  was  managed  in  a rotation; 
one  or  two  crops  of  soybeans  were  grown  before 


the  rice.  Minimum  herbicides  were  used  on  the 
soybean  crop.  Soil  levees  isolated  each  plot  to 
prevent  cross-contamination  of  plots  with  herbicides 
and  to  permit  independent  • water  management. 
Each  plot  had  access  to  a canal  to  permit  in- 
dependent flooding  and  draining  of  irrigation  water. 

Analysis  of  variance  and  Duncan’s  multiple- 
range  test  were  conducted  separately  for  each  year 
and  location  to  compare  averages  of  weed  control, 
rice  injury,  grain  yield,  head  rice  (whole-grain 
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Table  3.  — Herbicide  treatments  tested  on  water-seeded  rice 


Treatment 


Time  of  treatment 


Single  herbicides: 

Bifenox1 

Nitrofluorfen1 
Potassium  azide2 3 
Propanil2 
Sodium  azide2 

Thiobencarb1 2 

2,4,5-T2 

Tank  mixtures: 

Molinate23  + bentazon2 
Molinate  + 2,4,5-T 
Propanil  + bentazon 
Propanil  + thiobencarb 
Propanil  + 2,4,5-T 
Sequential  treatments: 

Bifenox  followed  by  thiobencarb 
Nitrofluoren  followed  by  thiobencarb 
Propanil  followed  by  thiobencarb 


iPreemergence-active  herbicide. 

2Postemergence-active  herbicide. 

3Residually  active  herbicide. 


Preplant. 

Preplant. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Postemergence. 

Preplant-postemergence. 

Preplant-postemergence. 

Postemergence. 


milling)  yield,  and  germination.  In  categorizing 
rice  injury,  less  than  1%  was  considered  none; 
1%  to  30%,  slight;  31%  to  70%,  moderate;  and  71% 
to  100%,  severe.  For  weed  control,  less  than  1% 
was  considered  none;  1%  to  30%,  poor;  31%  to 
70%,  fair;  71%  to  90%,  good;  and  91%  to  100%, 
excellent.  When  a treatment’s  control  of  weeds 
was  good  to  excellent,  (greater  than  71%)  the 
weeds  were  considered  “controlled.” 

Dry-Seeded  Rice 

Rice  was  drill-seeded  on  Crowley  silt  loam  at 
Stuttgart  and  on  Perry  clay  at  Rohwer  in  April  or 
May  each  year.  ‘Starbonnet’  rice  was  seeded  at 
Stuttgart  in  all  years  for  each  experiment;  ‘Star- 
bonnet’,  ‘Brazos’,  or  ‘Lebonnet’  rice  was  seeded  at 
Rohwer.  Plots  of  about  35  m2  were  arranged  in  a 
randomized  complete-block  design  with  three  repli- 
cations per  treatment  in  the  Stuttgart  experiments 
and  four  in  the  Rohwer  experiments. 

Nitrogen  fertilizer  was  applied  to  all  plots  in 
three-way  split  applications  at  total  rates  of  112 
to  168  kg/ha  of  N during  the  season.  The  first 
application  was  made  about  3 weeks  after  rice 
emergence;  the  second,  when  the  first  elongating 
internodes  on  main  culms  of  the  plant  averaged 
1.3  cm  for  ‘Starbonnet’  and  ‘Brazos’  and  1.9  cm 


for  ‘Lebonnet’;  and  the  third,  about  10  days  after 
the  second  application.  The  nitrogen  was  applied 
directly  into  the  floodwater,  or  flood  water  was 
applied  immediately  after  applying  the  nitrogen. 

Bamyardgrass  seeds  were  sown  in  Stuttgart  plots, 
but  there  were  natural  infestations  in  the  Rohwer 
plots.  Natural  infestations  of  sprangletop  and 
aquatic  and  broadleaf  weeds  occurred  in  all  plots. 

Weed  populations  at  both  locations  are  listed  in 
table  4.  At  Stuttgart  there  were  moderate  to  heavy 
infestations  of  bamyardgrass,  bearded  sprangle- 
top, spreading  dayflower,  and  an  aquatic  weed 
complex  of  ducksalad,  redstem,  and  waterhyssop; 
there  was  a light  infestation  of  eclipta.  False 
pimpernel  infested  experiment  4 plots  during  one 
year.  At  Rohwer  there  were  moderate  to  heavy 
infestations  of  bamyardgrass,  tighthead  sprangle- 
top, and  the  aquatic  weed  complex  of  ducksalad, 
redstem,  and  waterhyssop;  there  were  light 
infestations  of  eclipta,  hemp  sesbania,  and 
willowleaf  morningglory. 

Herbicides  (table  1)  were  applied  preemergence 
and  at  various  times  after  emergence  of  rice  and 
weeds.  Treatments  included  applications  of  one 
herbicide,  two  applied  sequentially  or  in  tank 
mixtures  or  sequential  application  of  tank  mix- 
tures and  single  herbicides.  When  herbicides  with 
residual  action  were  applied  preemergence,  they 
were  applied  after  a rain  or  flush  irrigation  because 
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Table  4. — Populations  of  barnyardgrass,  bearded  sprangletop,  and  aquatic  weeds  in 
dry-seeded  experiments  at  Stuttgart  and  Rohwer,  1974-78 


Experiment,  location,  and  weed 


Experiment  1 (Stuttgart): 
Barnyardgrass 
Aquatic  weeds 
Experiment  2 (Stuttgart): 
Barnyardgrass 
Bearded  sprangletop 

Aquatic  weeds 

Experiment  2 (Rohwer): 
Barnyardgrass 
Aquatic  weeds 
Experiment  3 (Stuttgart): 
Barnyardgrass 
Bearded  sprangletop . 
Aquatic  weeds 
Experiment  3 (Rohwer): 

Barnyardgrass 

Aquatic  weeds 
Experiment  4 (Stuttgart): 
Barnyardgrass 
Bearded  sprangletop 
Aquatic  weeds . . 

Experiment  5 (Stuttgart): 
Barnyardgrass 
Bearded  sprangletop 
Aquatic  weeds 


Weed  population1  (No./m2) 


1974  1975  1976  1977  1978 


129  86  118  

540  50  0 

. 151  32  

. 0 54  

. 540  540  

86  108  

. 1,100  430  

54  151 

0 64 

650  54 

43 

750 


64 

22 

97 

20 

0 

86 

430 

800 

270 

3 

22 

108 

0 

11 

64 

860 

700 

540 

barnyardgrass  and  bearded  sprangletop  panicles  were  counted  and  the  number  of  aquatic 
weed  plants  was  estimated.  The  principal  aquatic  weeds  present  were  ducksalad,  redstem, 
and  waterhyssop. 


delaying  preemergence  treatments  until  after  the 
soil  is  wetted  reduces  injury  to  the  rice  crop. 

Postemergence  treatments  (except  molinate) 
were  used  mainly  to  control  barnyardgrass,  and 
were  applied  when  the  largest  grass  plants  had 
two  to  four  leaves  (or  were  2.5  to  8.0  cm  tall, 
respectively).  Postemergence  treatments  of  gran- 
ular molinate  were  applied  when  the  largest  grass 
plants  had  up  to  four  leaves  or  were  tillering  ( 8 to 
20  cm  tall).  Bearded  and  tighthead  sprangletop 
were  treated  postemergence  from  the  one-leaf  to 
tillering  stages  (1.3  to  15  cm  tall).  Eclipta,  hemp 
sesbania,  spreading  dayflower,  and  willowleaf 
morningglory  were  treated  postemergence  when 
they  had  from  one  to  six  leaves  ( 1.3  to  20  cm  tall). 
Aquatic  weeds  usually  had  not  germinated  at  the 
time  of  preemergence  treatments  or  the  postemer- 
gence treatments  applied  before  flooding.  In  cases 
where  herbicide  treatments  were  applied  several 
days  after  permanent  flooding,  the  aquatic  weeds 


had  emerged  and  had  from  one  to  six  leaves  (0.6  to 
7.6  cm  tall). 

When  barnyardgrass  was  in  the  two-leaf  stage, 
rice  had  one  to  two  leaves  and  ranged  from  2.5 
to  7.6  cm  tall.  When  barnyardgrass  was  in  the 
four-leaf  stage,  rice  plants  had  from  two  to  three 
leaves  and  were  7.6  to  15.2  cm  tall.  By  the  time 
aquatic  weeds  emerged,  rice  plants  were  in  the 
early  tillering  stage,  15  to  30  cm  tall. 

Water  management  varied  for  the  different 
herbicide  treatments.  Plots  receiving  standard 
treatments  of  propanil  to  control  barnyardgrass  in 
the  four-leaf  stage  were  flooded  about  1 week  after 
applying  the  propanil,  after  which,  the  floodwater 
was  maintained.  Plots  receiving  preemergence 
treatments  or  treatments  to  two-leaf  barnyardgrass 
were  flooded  about  1 week  after  the  propanil-treated 
plots.  Plots  receiving  granular  molinate  treat- 
ments were  flooded  just  before  herbicide  treatment 
and  kept  flooded  thereafter.  Plots  receiving  granular 
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applications  of  bifenox,  nitrofluorfen,  or  thioben- 
carb  were  either  drained  at  the  time  of  application 
and  flooded  1 or  2 days  later  or  were  flooded  at  time 
of  application.  All  plots  remained  flooded  after 
these  early  water  management  practices.  Plots 
receiving  treatments  of  triclopyr  or  bentazon  were 
drained  1 or  2 days  before  application  and  were 
flooded  again  1 or  2 days  after  application;  they 
remained  flooded  thereafter. 

Rice  injury  was  estimated  visually  during  early 
season  (3  to  6 weeks  after  treatment  in  experiments 
1 to  5)  and  again  at  midseason  (6  to  9 weeks 
after  treatments  in  experiments  4 and  5).  Weed 
control  was  also  estimated  v sually  at  the  following 
times:  barnyardgrass  and  bearded  and  tighthead 
sprangletop  after  panicles  were  present,  usually  in 
July  or  August;  aquatic  weeds  after  they  began 
blooming,  usually  in  July;  spreading  dayf lower 
in  September  or  October,  about  the  time  rice 
matured,  when  spreading  dayflower  plants  grew 
above  the  rice  canopy.  Control  of  other  weeds  was 
estimated  in  July  or  August. 

In  untreated  plots,  the  number  of  barnyardgrass 
and  bearded  sprangletop  panicles  was  counted  or 
estimated,  and  the  number  of  aquatic  weed  plants 
was  estimated.  Untreated  plots  were  used  as  a 
basis  for  evaluating  the  performance  of  treatments 
on  all  weeds  except  aquatics  (the  aquatic  weed 
complex  frequently  failed  to  grow  well  in  untreated 
plots  where  populations  of  barnyardgrass,  spran- 
gletop, and  broadleaf  weeds  shaded  the  water). 
Since  molinate  or  propanil  applied  before  aquatic 
weeds  germinate  usually  fails  to  control  the  aquatic 
weed  complex  (Smith  1977a),  plots  treated  thus 
were  often  used  as  a comparison  to  evaluate  the 
performance  of  other  treatments  in  controlling  of 
aquatic  weeds. 

In  all  experiments,  center  rows  of  mature  rice 
were  harvested  with  a small-plot  combine  or 
hand-harvested  and  threshed  with  a nursery-type 
thresher.  The . area  harvested  was  about  5 m2. 
Rough  rice  yields  were  based  on  grain  weights 
adjusted  to  12%  moisture.  Rough  rice  samples 
from  each  plot  were  cleaned  and  milled  as  described 
by  Adair  et  al.  (1973).  Head  rice  (whole-grain 
milling)  yields  were  obtained  by  milling  samples 
that  contained  about  12%  moisture.  Duplicate 
samples  of  100  rice  grains  from  each  plot  were 
germinated  (by  standard  procedures)  in  rolled  moist 
paper  in  controlled  temperature  and  humidity  to 
determine  if  herbicide  treatments  affected  seed 
viability. 


Water-Seeded  Rice 

‘Starbonnet’  rice  was  water-seeded  in  late  April 
or  early  May  each  year  on  Crowley  silt  loam. 
Herbicide-water  sprays  were  applied  to  drained 
plots,  and  granular  formulations  were  applied  into 
the  floodwater.  Plots  about  35  m2  were  arranged  in 
randomized  complete  blocks  with  three  replications 
of  each  treatment.  Nitrogen  fertilizer  was  applied 
as  previously  described  aUa  total  rate  of  123  to 
146  kg/ha. 

In  experiment  6,  herbicide  treatments  were 
applied  postemergence  10  to  20  days  after  seeding. 
In  experiment  7,  single  herbicide  treatments  were 
applied  before  plots  were  flooded  and  seeded,  or 
single  and  sequential  herbicide  treatments  were 
applied  preplant  or  postemergence  10  to  25  days 
after  seeding.  In  experiment  8,  herbicide  treat- 
ments were  applied  postemergence  15  to  35  days 
after  seeding.  There  were  moderate  to  heavy 
infestations  (540  to  1,519  plants/m2)  of  aquatic 
weeds  in  the  plots  in  all  three  experiments.  Bearded 
sprangletop  infestations  in  experiment  8 were 
light  to  heavy,  or  25,  11,  and  74  panicles/m2  in 
1976,  1977,  and  1978,  respectively. 

In  all  experiments  a measured  center  area  of  about 
5 m2  of  matured  rice  was  harvested  from  each  plot 
as  described  previously.  Grain  yields,  head  rice 
milling  yields,  and  germination  of  rice  seeds  were 
determined  by  the  procedures  described  previously. 


RESULTS 
Dry-Seeded  Rice 

Weed  species  and  the  intensity  of  their  infesta- 
tions in  the  plots  varied  among  years  and  locations 
(table  2)  because  of  differences  in  soil  texture,  soil 
moisture  and  fertility,  floodwater  management, 
and  crop  stand. 

Experiment  1 

Barnyardgrass  infested  all  plots  in  all  years 
(tables  4,  5-7).  Aquatic  weeds  infested  all  plots 
in  1974  and  1975,  but  in  1976  they  occurred  at 
insufficient  levels  for  a valid  evaluation.  Spreading 
dayflower  was  present  only  in  1975. 

(Continued  on  page  11.) 
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Table  5.  — Experiment  1 (Stuttgart,  1974):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  dry-seeded  paddy  rice1 
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None  of  the  treatments  injured  rice  plants 
excessively,  but  in  some  years,  some  treatments 
injured  rice  more  than  others.  In  1974  and  1975, 
nitrofluorfen  (applied  before  flooding)  followed  by 
molinate  (applied  after  flooding)  injured  rice  more 
than  standard  treatments  of  propanil.  In  1975 
nitrofluorfen  followed  by  molinate  caused  more 
injury  than  standard  treatments  of  molinate,  and 
the  higher  rate  of  nitrofluorfen  (0.56  kg/ha)  injured 
rice  more  than  the  lower  rate  (0.28  kg/ha).  Also  in 
1975,  nitrofluorfen  applied  at  0.56  kg/ha  after 
propanil  injured  rice  moderately  and  significantly 
more  than  either  propanil  or  molinate  alone,  but 
the  rice  recovered  from  the  early  injury  by  mid- 
season (50  to  70  days  after  seeding).  Nitrofluorfen 
was  dropped  from  the  test  in  1976  because  of  the 
injury  it  caused  rice  in  1974  and  1975.  Over  the 
entire  3-year  period,  little  or  no  rice  injury  was 
observed  with  tank  mixtures  of  propanil  and 
thiobencarb  or  sequential  treatments  of  propanil 
or  molinate  followed  by  granular  applications  of 
bifen  ox  nr  thiobencarb. 

All  herbicide  treatments  controlled  weeds  suf- 
ficiently to  increase  grain  yields  significantly  over 
untreated  plots.  Standard  treatments  of  propanil 
or  molinate  (applied  when  barnyardgrass  was  at 
the  four-leaf  stage)  controlled  barnyardgrass  ef- 
fectively all  3 years,  but  failed  to  control  aquatic 
weeds.  They  gave  good  to  excellent  control  of 
spreading  dayflower  in  1975,  the  only  year  this 
weed  was  present.  Propanil  controlled  two-leaf 
barnyardgrass,  but  many  grass  plants  emerged 
after  treatment  to  reinfest  the  plots;  in  1975  and 
1976  this  reduced  grain  yields  compared  with  the 
best  performing  treatments.  This  treatment  also 
failed  to  control  aquatic  weeds  and  spreading 
dayflower. 

Sequential  applications  of  propanil  controlled 
barnyardgrass  all  3 years  and  controlled  spreading 
dayflower  in  1975.  And  although  this  treatment 
controlled  aquatic  weeds  poorly,  the  aquatic  weeds 
did  not  compete  with  the  crop  enough  to  reduce 
grain  yields. 

A sequential  application  of  propanil  applied 
early  postemergence  followed  by  granular  molinate 
applied  after  flooding  controlled  barnyardgrass 
effectively  all  3 years,  but  gave  poor  control  of 
aquatic  weeds  and  spreading  dayflower.  Rice  re- 
ceiving this  treatment  yielded  well. 

A tank  mixture  of  propanil  and  thiobencarb 
controlled  barnyardgrass  all  3 years  and  spreading 
dayflower  in  1975.  It  gave  excellent  control  of 


aquatic  weeds  in  1974,  but  poor  control  in  1975. 
Rice  receiving  this  treatment  yielded  well. 

Sequential  applications  of  either  propanil  or  moli- 
nate followed  by  granular  bifenox  or  thiobencarb 
controlled  barnyardgrass,  spreading  dayflower, 
and  the  aquatic  weed  complex  in  all  years.  These 
treatments  controlled  the  aquatic  weeds  especially 
well  (better  than  the  standard  treatments  of 
propanil  or  molinate),  and  they  also  controlled 
the  grass-aquatic-broadleaf  weed  complexes  better 
than  standard  treatments.  Rice  receiving  these 
sequential  treatments  yielded  well. 

Rice  quality  was  not  affected  by  any  of  the 
treatments;  head  rice  yield  and  seed  germination 
were  excellent  for  rice  from  all  treatments. 

Experiment  2 

Stuttgart.  — Barnyardgrass  and  aquatic  weeds 
infested  the  plots  in  both  years  (tables  4,  8-9), 
and  there  were  infestations  of  spreading  dayflower 
in  1975  and  bearded  sprangletop  in  1976. 

All  herbicide  treatments  controlled  weeds  well 
enough  to  increase  grain  yields  compared  with 
no  weeding.  Some  of  the  treatments  injured  rice 
more  than  others,  but  injury  was  only  slight  to 
moderate  from  any  one  treatment.  Many  of  the 
treatments  injured  rice  more  in  1976  than  in 
1975.  Herbicides  applied  preemergence  (alone  or 
sequentially  with  propanil)  injured  rice  slightly 
to  moderately,  and  tank  mixtures  of  some  herbi- 
cides injured  rice  moderately,  but  the  crop  usually 
recovered  from  this  early  injury  by  midseason  (50 
to  70  days  after  seeding). 

Propanil,  applied  to  two-leaf  barnyardgrass, 
controlled  the  weeds  present,  but  more  grass 
plants  emerged  after  treatment  to  reinfest  the 
plots  and  lower  grain  yields  (compared  to  yields 
from  plots  given  standard  treatments  of  propanil 
or  molinate).  Heavy  barnyardgrass  infestations 
in  the  early  propanil  treatment  inhibited  aquatic 
weed  development  in  1975,  but  infestations  of 
barnyardgrass  and  bearded  sprangletop  did  not 
inhibit  the  aquatics  in  1976. 

Standard  treatments  of  propanil  and  molinate 
controlled  four-leaf  and  tillering  barnyardgrass, 
respectively,  and  standard  water  management 
practices  of  flooding  about  1 week  after  treatment 
prevented  reinfestations  of  barnyardgrass,  but 
these  treatments  did  not  prevent  aquatic  weeds 

( Continued  on  page  14. ) 
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from  germinating  after  flooding.  The  standard 
propanil  treatment  controlled  spreading  dayflower, 
but  the  standard  molinate  treatment  gave  partial 
control. 

Preemergence  treatments  of  thiobencarb  or 
oxadiazon  controlled  barnyardgrass  and  bearded 
sprangletop.  Oxadiazon  controlled  the  aquatic 
weed  complex,  but  thiobencarb  only  gave  partial 
control.  Bifenox  applied  preemergence  gave  excel- 
lent control  of  barnyardgrass  in  1976  and  fair  con- 
trol in  1975.  It  gave  excellent  control  of  bearded 
sprangletop,  fair  to  good  control  of  aquatic  weeds, 
and  fair  control  of  spreading  dayflower.  Butralin, 
applied  preemergence,  gave  good  to  excellent 
control  of  barnyardgrass  and  bearded  sprangletop, 
poor  to  fair  control  of  aquatic  weeds,  and  poor 
control  of  spreading  dayflower. 

When  a standard  postemergence  propanil  treat- 
ment followed  preemergence  applications  of  thio- 
bencarb, oxadiazon,  bifenox,  or  butralin,  overall 
weed  control  was  improved  over  single  preemergence 
treatments  of  these  herbicides.  Good  to  excellent 
control  of  barnyardgrass  and  bearded  sprangletop 
was  obtained,  but  added  propanil  did  not  usually 
increase  control  of  aquatic  weeds. 

A postemergence  application  of  thiobencarb 
alone  controlled  barnyardgrass,  bearded  sprangle- 
top, and  spreading  dayflower.  It  gave  good  control 
of  aquatic  weeds  in  1975  and  fair  control  in  1976. 

Applications  of  tank  mixtures  applied  postemer- 
gence at  barnyardgrass’  two-leaf  stage  usually 
controlled  the  weed  complex  better  than  standard 
postemergence  treatments  or  preemergence  treat- 
ments of  single  herbicides.  Propanil  and  oxadiazon 
controlled  barnyardgrass,  bearded  sprangletop, 
aquatic  weeds,  and  spreading  dayflower.  Propanil 
and  thiobencarb  controlled  barnyardgrass,  bearded 
sprangletop,  and  spreading  dayflower,  and  gave 
partial  control  of  aquatic  weeds  both  years.  Pro- 
panil and  bifenox  controlled  barnyardgrass,  bearded 
sprangletop,  and  aquatic  weeds  in  1976,  but  they 
failed  to  control  barnyardgrass,  aquatics,  or  spread- 
ing dayflower  in  1975.  Propanil  and  butralin  con- 
trolled barnyardgrass  and  bearded  sprangletop, 
and  gave  partial  control  of  aquatic  weeds  and 
spreading  dayflower.  A propanil  and  molinate  tank 
mixture  applied  postemergence  at  barnyardgrass’ 
four-leaf  stage  controlled  barnyardgrass,  bearded 
sprangletop,  and  spreading  dayflower  but  failed  to 
control  aquatic  weeds. 

Propanil  or  molinate  applied  postemergence  fol- 
lowed by  granular  applications  of  thiobencarb  or 
bifenox  controlled  barnyardgrass,  aquatic  weeds, 


and  spreading  dayflower.  Postemergence  applica- 
tions of  propanil,  followed  by  granular  thiobencarb 
or  bifenox,  and  postemergence  applications  of 
molinate,  followed  by  granular  thiobencarb,  con- 
trolled bearded  sprangletop,  but  postemergence 
applications  of  molinate  followed  by  granular  bi- 
fenox gave  only  partial  control  of  this  grass  weed. 

Generally,  rice  receiving  treatments  that  gave 
effective  control  of  the  weed  complexes  produced 
the  highest  grain  yields.  Barnyardgrass  and  bearded 
sprangletop  were  more  competitive  with  rice  than 
aquatic  weeds  or  spreading  dayflower;  rice  receiving 
treatments  that  gave  poor  control  of  these  two 
grass  weeds  frequently  had  significantly  reduced 
yields. 

Rice  quality  was  not  affected  by  any  herbicide 
treatment;  head  rice  yields  were  excellent  with 
rice  from  all  treatments.  In  1975  seed  harvested 
from  treated  rice  germinated  better  than  seed 
harvested  from  untreated  rice,  but  the  treatments 
did  not  affect  germination  in  1976.  Apparently, 
competition  from  weeds  reduced  seed  viability 
in  1975. 

Kohwer.  — In  1975  and  1976,  Rohwer  study  plots 
were  infested  with  barnyardgrass,  aquatic  weeds, 
and  eclipta;  in  1976,  they  were  also  infested  with 
hemp  sesbania  and  willowleaf  momingglory  (tables 
4,  10-11). 

In  1975,  all  herbicide  treatments  controlled  weeds 
well  enough  to  increase  rice  yields  over  unweeded 
plots,  but  yield  differences  among  treatments  were 
not  as  great  in  1976  as  in  1975.  Standard  treat- 
ments of  propanil  or  molinate  controlled  barnyard- 
grass but  did  not  control  aquatic  weeds.  Propanil 
controlled  eclipta,  hemp  sesbania,  and  willowleaf 
morningglory,  but  molinate  did  not.  Early  treat- 
ments of  propanil  controlled  two-leaf  barnyardgrass 
in  1975  but  not  1976.  Evidently,  in  1975  all  barn- 
yardgrass had  emerged  by  the  time  the  two-leaf 
treatments  were  applied.  Early  propanil  treatments 
(applied  at  barnyardgrass’  two-leaf  stage ) controlled 
eclipta  but  failed  to  control  the  aquatic  weed  com- 
plex and  willowleaf  morningglory. 

Thiobencarb,  oxadiazon,  bifenox,  and  butralin 
applied  preemergence  controlled  barnyardgrass 
both  years.  Control  of  other  weeds  varied  with 
treatment  and  year.  Oxadiazon  and  bifenox  con- 
trolled aquatic  weeds  both  years.  Thiobencarb 
gave  excellent  control  of  aquatics  in  1975  and  fair 
control  in  1976.  Butralin  gave  poor  to  fair  control 
of  aquatic  weeds.  Thiobencarb  gave  good  control  of 
eclipta  in  1975,  as  did  bifenox  in  1976;  both  con- 
trolled hemp  sesbania  in  1976.  Both  oxadiazon 
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Table  10.  — Experiment  2 (Rohwer,  1975):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 
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and  bifenox  controlled  wiliowleaf  momingglory  in 
1976. 

Propanil  applied  postemergence  following  pre- 
emergence applications  of  thiobencarb,  oxadiazon, 
bifenox,  or  butralin  usually  improved  control  of  the 
weeds  compared  with  preemergence  applications 
alone  or  a standard  propanil  treatment.  All  se- 
quential treatments  controlled  barnyardgrass  both 
years,  and  hemp  sesbania  and  wiliowleaf  morning- 
glory  in  1976.  The  components  applied  preemergence 
in  sequential  treatments  gave  varying  control  of 
aquatic  weeds  that  germinated  after  flooding  both 
years;  bifenox  gave  fair  to  good  residual  control, 
thiobencarb  fair  control,  and  butralin  poor  to  fair 
control.  Thiobencarb,  oxadiazon,  or  bifenox  fol- 
lowed by  propanil  gave  good  to  excellent  control 
of  eclipta.  Butralin  followed  by  propanil  gave 
excellent  control  of  eclipta  in  1976  but  only  fair 
control  in  1975.  Plots  treated  with  preemergence 
applications  of  herbicides  and  postemergence  ap- 
plications of  propanil  yielded  well. 

Early  postemergence  applications  (two-leaf  stage) 
of  thiobencarb  alone  controlled  the  weeds  better 
than  standard  treatments  of  propanil  or  molinate 
alone.  Plots  given  these  early  postemergence  treat- 
ments yielded  well. 

Tank  mixtures  combining  thiobencarb,  oxadia- 
zon, or  bifenox  with  propanil,  applied  early  post- 
emergence, controlled  barnyardgrass,  aquatic  weeds, 
eclipta,  hemp  sesbania,  and  wiliowleaf  morning- 
glory.  A propanil-butralin  treatment  controlled 
barnyardgrass  and  eclipta  both  years,  but  gave 
unsatisfactory  control  of  aquatic  weeds  and  willow- 
leaf  morningglory.  Rice  treated  with  tank  mixtures 
yielded  well. 

A tank  mixture  of  propanil  and  molinate  con- 
trolled barnyardgrass,  eclipta,  and  hemp  sesbania. 
Although  this  mixture  failed  to  control  aquatics 
and  wiliowleaf  morningglory,  the  rice  receiving  it 
yielded  well  because  the  aquatic  weeds  and  willow- 
leaf  morningglory  infestations  were  insufficient 
to  reduce  grain  yields. 

Conventional  treatments  of  propanil  or  molinate 
followed  by  granular  thiobencarb  or  bifenox  ap- 
plied into  the  floodwater  controlled  barnyardgrass 
and  the  aquatic  weed  complex.  Germinated  aquatics 
were  killed  by  thiobencarb  and  bifenox;  emerged 
eclipta  and  hemp  sesbania  were  controlled  by  pro- 
panil but  not  by  postemergence  granular  treatments 
of  molinate,  thiobencarb,  or  bifenox  applied  into 
the  floodwater.  These  sequential  treatments  also 
gave  fair  control  of  wiliowleaf  morningglory,  and 
rice  receiving  these  treatments  yielded  well. 


No  herbicide  treatment  injured  rice  significantly, 
and  none  significantly  reduced  milling  quality 
(head  rice  yield)  in  either  year,  or  seed  germination 
in  1976.  Some  differences  in  seed  germination 
occurred  as  a result  of  some  1975  treatments,  but 
all  seed  germinated  well  (more  than  80%). 

Experiment  3 

Stuttgart.  —Plots  were  infested  with  barnyard- 
grass in  1977  and  1978,  aquatic  weeds  and  spread- 
ing dayflower  in  1977,  and  bearded  sprangletop  in 
1978  (tables  4,  12-13). 

All  herbicide  treatments  controlled  weeds  well 
enough  to  increase  grain  yields  significantly  over 
unweeded  plots.  Some  herbicide  treatments  injured 
rice  slightly  more  in  1977  than  in  1978,  but  the 
injury  was  temporary,  because  the  rice  recovered 
from  the  injury  by  mid  to  late  season  (50  to  100 
days  after  crop  emergence)  and  produced  good 
grain  yields. 

Standard  treatments  of  propanil  or  molinate 
gave  good  to  excellent  control  of  barnyardgrass, 
but  only  poor  to  fair  control  of  aquatic  weeds  and 
bearded  sprangletop.  Propanil  controlled  spreading 
dayflower,  but  molinate  did  not.  In  1977,  weed 
competition  in  the  molinate  treatment  reduced 
grain  yields  compared  with  the  best  performing 
treatments. 

Propanil  applied  at  the  two-leaf  stage  gave  good 
control  of  barnyardgrass  in  1977,  but  poor  control 
in  1978  (it  controlled  two-leaf  grass  plants,  but 
plots  were  reinfested  later).  It  gave  poor  to  fair 
control  of  bearded  sprangletop  and  spreading 
dayflower  and  little,  if  any,  control  of  aquatic 
weeds.  Weed  competition  with  rice  receiving  this 
treatment  reduced  grain  yields  in  1978  but  not 
in  1977. 

Preemergence  treatments  of  thiobencarb  con- 
trolled barnyardgrass,  aquatic  weeds,  spreading 
dayflower,  and  bearded  sprangletop,  and  plots  so 
treated  yielded  well.  Bifenox  applied  preemergence 
controlled  barnyardgrass,  aquatic  weeds,  and  spread- 
ing dayflower  in  1977,  but  it  failed  to  control 
barnyardgrass  or  bearded  sprangletop  in  1978, 
resulting  in  a lowered  grain  yield  in  1978.  A pre- 
emergence treatment  of  butachlor  gave  excellent 
control  of  barnyardgrass  in  1977,  gave  fair  control 
in  1978,  and  good  to  excellent  control  of  aquatic 
weeds,  spreading  dayflower,  and  bearded  sprangle- 

( Continued  on  page  21. ) 
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TSable  12.  — Experiment  3 (Stuttgart,  1977):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  dry-seeded  paddy  rice1 
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Table  13.  — Experiment  3 (Stuttgart,  1978):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  head  rice  yield,  grain  yield,  and  germination 

of  dry-seeded  paddy  rice* 
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5Standard  herbicide  treatment. 


Table  14.  — Experiment  3 ( Rohiver,  1978):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  dry-seeded  paddy  rice1 
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top.  Rice  treated  preemergence  with  butachlor 
yielded  well. 

Sequential  treatments  consisting  of  thiobencarb, 
bifenox,  or  butachlor  applied  preemergence  and 
followed  by  standard  postemergence  applications 
of  propanil  or  molinate  controlled  the  grass-aquatic- 
broadleaf  weed  complexes  both  years.  A post- 
emergence treatment  of  molinate  following  these 
preemergence  herbicide  treatments  improved  con- 
trol of  barnyardgrass  in  1978,  compared  with  the 
single  preemergence  treatments. 

Postemergence  treatments  of  thiobencarb  alone 
or  tank  mixtures  of  propanil  and  either  thioben- 
carb or  butachlor  controlled  the  grass-aquatic- 
broadleaf  weed  complexes  in  1977  and  1978.  The 
thiobencarb-propapil  mixture  controlled  aquatic 
weeds  less  effectively  than  thiobencarb  alone, 
apparently  because  less  thiobencarb  was  present 
in  the  mixture. 

Bifenox  alone  applied  postemergence  controlled 
aquatic  weeds  and  spreading  dayflower  but  failed 
to  control  barnyardgrass  or  bearded  sprangletop. 
Rice  receiving  this  treatment  had  reduced  grain 
yields  in  1978  because  of  weed  competition.  A tank 
mixture  of  propanil  and  bifenox  applied  post- 
emergence controlled  barnyardgrass  in  1977  and 
gave  fair  control  in  1978.  It  controlled  spreading 
dayflower,  and  though  it  gave  only  partial  control 
of  aquatic  weeds  and  bearded  sprangletop,  failure 
to  control  these  weeds  did  not  cause  a significant 
reduction  in  grain  yields. 

Sequential  treatments  of  thiobencarb  or  bifenox 
applied  to  two-leaf  barnyardgrass  followed  by  stand- 
ard treatments  of  propanil,  applied  just  before 
flooding,  or  molinate,  applied  just  after  flooding, 
controlled  the  grass-aquatic-broadleaf  weed  com- 
plexes effectively,  but  thiobencarb  controlled  barn- 
yardgrass better  than  bifenox  in  1977.  In  1978,  the 
molinate  treatment  applied  after  flooding  may 
have  masked  the  low  activity  of  bifenox  on  barn- 
yardgrass. Grain  yields  were  excellent  from  rice 
receiving  these  treatments. 

A tank  mixture  of  propanil  and  molinate,  applied 
postemergence,  followed  by  a granular  application 
of  molinate  into  the  floodwater  controlled  barn- 
yardgrass and  bearded  sprangletop,  and  gave  fair 
control  of  aquatic  weeds  and  spreading  dayflower. 
Rice  receiving  this  treatment  yielded  well. 

A conventional  treatment  of  propanil  followed 
by  granular  bifenox  or  oxyfluorfen  applied  just 
before  flooding  controlled  barnyardgrass,  aquatic 
weeds,  and  spreading  dayflower  but  gave  poor 
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control  of  bearded  sprangletop.  Rice  receiving 
these  treatments  yielded  well. 

A sequential  treatment  of  propanil,  applied 
postemergence,  followed  by  triclopyr  controlled 
bamyardgrass  and  gave  partial  control  of  spreading 
dayflower  and  bearded  sprangletop.  THclopyr  failed 
to  control  emerged  aquatic  weeds,  which  may  have 
reduced  grain  yields  slightly. 

Rice  qualiry  (head  rice  yield  and  seed  germina- 
tion) was  not  affected  by  the  treatments  in  1977, 
but  these  components  differed  significantly  among 
treatments  in  1978.  However,  head  rice  yields  and 
germination  of  seed  from  treated  rice  were  con- 
sidered excellent  in  both  years.  The  improvement 
some  treatments  showed  in  1978  in  head  rice  yields 
and  seed  germination  over  unweeded  plots  may 
have  resulted  from  reduced  weed  competition. 

Rohwer.  —This  experiment  was  initiated  in  1977 
but  had  to  be  abandoned  because  heavy  rainfall 
delayed  seeding  until  late  spring,  and  then  dry 
weather  reduced  rice  stands  after  seeding.  In  1978 
good  stands  of  rice  were  obtained  and  barnyard- 
grass,  tighthead  sprangletop,  aquatic  weeds,  and 
eclipta  infested  the  plots  (tables  4,  14). 

Standard  treatments  of  propanil  or  molinate 
failed  to  control  the  grass-aquatic-broadleaf  weed 
complexes,  and  competition  from  these  weeds  re- 
duced grain  yield  somewhat.  Poor  performance  of 
the  standard  propanil  treatment  was  caused  by  ap- 
plying the  treatments  to  environmentally  stressed 
weeds.  Poor  performance  of  the  molinate  treatment 
was  caused  by  failure  to  maintain  a continuous 
flood  after  application.  Propanil  applied  at  barn- 
yardgrass’  two-leaf  stage  gave  fair  to  good  control 
of  bamyardgrass,  tighthead  sprangletop,  and  eclipta 
but  failed  to  control  aquatic  weeds.  Grain  yields 
from  all  treatments  were  low  because  vegetative 
growth  was  stressed  by  intermittent  flooding  and 
draining.  No  treatment  injured  rice  more  than 
sligi.ly. 

Preemergence  applications  of  thiobencarb,  bi- 
fenox,  or  butachlor  gave  fair  to  good  control  of 
all  weeds.  Standard  propanil  treatments  following 
these  preemergence  treatments  improved  control 
of  the  weed  complexes  slightly  over  preemergence 
treatments  alone.  The  preemergence  herbicide  com- 
ponent in  the  sequential  treatments  improved  weed 
control,  compared  with  standard  treatments  of 
propanil  or  molinate. 

Postemergence  treatments  of  thiobencarb,  and 
bifenox  alone  (applied  to  bamyardgrass’  two-leaf 
stage)  controlled  aquatic  weeds  but  failed  to  con- 


trol grass  weeds  or  eclipta,  and  competition  from 
these  weeds  reduced  grain  yields. 

Thnk  mixtures  of  propanil  with  thiobencarb, 
bifenox,  or  butachlor  applied  postemergence  gave 
fair  to  good  control  of  the  grass-aquatic-broadleaf 
weed  complexes,  and  they  controlled  weeds  better 
than  standard  treatments  of  propanil  or  molinate. 

Treatments  of  thiobencarb  or  bifenox  applied  to 
two-leaf  bamyardgrass  followed  by  a standard  treat- 
ment of  propanil  gave  fair  to  good  control  of  all 
weeds,  but  grain  yields  from  plots  treated  with 
bifenox  were  extremely  low  for  some  unknown 
reason. 

A postemergence  treatment  of  a propanil-molinate 
tank  mixture  followed  by  a standard  treatment  of 
granular  molinate  controlled  bamyardgrass,  tight- 
head sprangletop,  and  eclipta,  but  failed  to  control 
aquatic  weeds.  Rice  receiving  this  treatment  yielded 
well. 

Standard  treatments  of  propanil  followed  by  post- 
emergence treatments  of  either  granular  bifenox  or 
oxyfluorfen  or  sprays  of  triclopyr  failed  to  control 
most  weeds.  Granular  applications  of  bifenox  and 
oxyfluorfen  did  give  fair  control  of  aquatic  weeds, 
but  triclopyr  applied  to  emerged  aquatic  weeds 
gave  no  control.  Grain  yields  from  plots  receiving 
these  treatments  were  low. 

Head  rice  yields  from  all  the  plots  were  low 
(below  50%),  but  they  did  not  follow  a pattern 
associated  with  treatments  or  level  of  weed  coptroR 
Low  head  rice  yields  were  probably  caused  by 
harvesting  grain  with  low  moisture  (less  than  18%). 
The  combine  breaks  dry  grains  and  reduces  head 
rice  yields  (Johnston  and  Miller  1973).  Seed  quality 
was  excellent,  and  more  than  90%  of  the  seed 
harvested  from  all  plots  germinated. 

Experiment  4 

Bamyardgrass  and  aquatic  weeds  infested  the 
plots  all  3 years;  bearded  sprangletop  also  infested 
the  plots  in  1976  and  1978  (tables  4,  15-17). 

Early  injury  ratings  taken  6 to  14  days  after  rice 
emergence  indicated  that  none  of  the  treatments 
injured  rice  excessively,  but  some  treatments  injured 
rice  more  than  others.  Thiobencarb,  applied  pre- 
emergence or  early  postemergence,  alone  or  in 
combination  with  propanil,  injured  rice  moderately. 
Higher  rates  of  thiobencarb,  applied  postemergence, 
alone  or  in  mixtures  with  propanil,  injured  rice 

( Continued  on  page  26. ) 
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Table  15.  — Experiment  4 (Stuttgart,  1976):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  dry-seeded  paddy  rice1 
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7Standard  herbiciue  treatment. 


Table  16.  — Experiment  4 (Stuttgart,  1977):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  dry-seeded  paddy  rice1 
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Table  17.  — Experiment  4 (Stuttgart,  1978):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  dry-seeded  paddy  rice* 
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6Standard  herbicide  treatment. 


more  than  lower  rates.  However,  by  midseason  (50 
to  70  days  after  seeding)  the  rice  had  recovered 
from  the  early  injury. 

A standard  treatment  of  propanil  controlled 
more  than  80%  of  the  barnyardgrass  in  all  years, 
but  it  failed  to  control  the  aquatic  weeds  and  only 
partially  controlled  bearded  sprangletop.  Propanil 
applied  at  3.4  kg/ha  at  barnyardgrass’  two-leaf 
stage,  controlled  barnyardgrass  all  years,  failed  to 
control  aquatic  weeds  all  years,  gave  good  control 
of  bearded  sprangletop  in  1976,  and  failed  to  control 
bearded  sprangletop  weed  in  1978. 

Preemergence  treatments  of  thiobencarb  con- 
trolled barnyardgrass  and  bearded  sprangletop  in 
all  years  and  controlled  the  aquatic  weed  complex 
in  1976  and  1977. 

Postemergence  treatments  of  thiobencarb  alone 
controlled  barnyardgrass,  bearded  sprangletop,  and 
aquatic  weeds  in  all  years.  A rate  of  3.4  kg/ha 
controlled  more  than  80%  of  the  grass-aquatic 
weed  complex  and  was  usually  as  effective  as 
higher  rates. 

Tank  mixtures  of  propanil  and  thiobencarb  ap- 
plied early  postemergence  controlled  emerged  grass 
weeds  and  those  that  emerged  after  treatment  and 
controlled  aquatic  weeds  that  emerged  after  flood- 
ing. This  tank  mixture  controlled  the  weed  complex 
better  than  the  standard  propanil  treatment,  but 
not  any  better  than  postemergence  treatments  of 
thiobencarb  alone. 

In  all  years,  propanil-molinate  tank  mixtures 
controlled  four-leaf  barnyardgrass  satisfactorily 
but  failed  to  control  aquatic  weeds.  This  mixture 
controlled  bearded  sprangletop  in  1978  and  gave 
fair  control  in  1976. 

Because  infestations  of  the  weed  complexes 
varied  among  years  (table  2),  grain  yields  from 
untreated  rice  were  affected  more  by  weed  com- 
petition in  some  years  than  in  others.  In  1976, 
weed  infestations  reduced  grain  yields  of  the  un- 
weeded plots  slightly.  In  1977,  a moderate  infesta- 
tion of  barnyardgrass  ( 22  panicles/m2 ) and  a heavy 
infestation  of  aquatic  weeds  (800  plants/m2 ) reduced 
the  yields  of  the  unweeded  plots  moderately.  In 
1978,  infestations  of  barnyardgrass  (97  panicles/m2) 
and  bearded  sprangletop  (86  panicles/m2)  reduced 
yields  severely.  Therefore,  grain  yield  reflected  the 
species  and  level  of  weeds  present  in  the  plots.  Rice 
in  which  the  barnyardgrass-bearded  sprangletop- 
aquatic  weed  complex  was  controlled  had  (with 
few  exceptions)  high  grain  yields,  and  rice  in  which 
the  weed  complex  was  not  controlled,  usually  had 
low  grain  yields. 


Rice  quality  (measured  by  head  rice  yields  and 
seed  germination)  was  excellent  in  all  years.  Ger- 
mination of  seed  harvested  from  treated  rice  was 
not  significantly  different  from  unweeded  rice  in 
any  year.  Head  rice  yields  were  not  significantly 
different  among  treatments  in  1976  and  1977,  but 
in  1978,  head  rice  yields  from  treated  rice  fre- 
quently were  better  than  those  from  untreated  rice. 
Heavy  weed  competition  probably  reduced  head 
rice  yields  from  the  unweeded  plots  that  year. 

Experiment  5 

Barnyardgrass,  bearded  sprangletop,  and  aquatic 
weeds  infested  the  plots  in  all  3 years  (tables  2, 
18-20). 

Five  treatments  applied  in  1976  were  not  repeated 
in  1977  and  1978.  These  were  a preemergence 
treatment  of  oxadiazon  at  0.84  kg/ha;  a pre- 
emergence treatment  of  oxadiazon  at  1.1  kg/ha 
followed  by  a postemergence  application  of  pro- 
panil; postemergence  applications  of  tank  mixtures 
of  propanil  and  oxadiazon  at  rates  of  3.4  + 0.84  and 
3.4  + 1.1  kg/ha;  and  a postemergence  treatment  of 
propanil  followed  by  bentazon  at  0.56  kg/ha.  All 
other  treatments  were  repeated  each  year. 

Early  injury  ratings  taken  14  to  38  days  after 
rice  emergence  indicated  that  some  treatments 
injured  rice  more  than  others.  Injury  levels  varied 
among  years.  Treatments  that  caused  moderate 
injury  to  rice  in  at  least  1 year  included  pre- 
emergence applications  of  oxyfluorfen  or  oxadiazon, 
applied  alone  or  followed  by  postemergence  appli- 
cations of  propanil;  preemergence  applications  of 
oxyfluorfen  followed  by  thiobencarb  or  molinate; 
postemergence  applications  of  propanil  and  oxadia- 
zon or  propanil  and  butachlor;  and  postemergence 
applications  of  propanil  followed  by  granular  oxy- 
fluorfen. However,  in  all  years  rice  recovered  from 
this  early  injury  by  midseason  (45  to  65  days  after 
emergence).  In  1976,  rice  treated  with  a granular 
application  of  oxyfluorfen  followed  by  granular 
molinate  was  injured  severely,  and  this  injury 
persisted  through  midseason,  but  the  rice  recovered 
by  late  season  (100  to  120  days  after  emergence) 
and  grain  yields  were  not  reduced.  The  injury  was 
usually  manifested  as  slight  crop-stand  reductions 
and  slight  to  moderate  chlorosis  of  rice  plants. 

Standard  treatments  of  propanil  gave  fair  to 
good  control  of  barnyardgrass,  partial  control  of 
bearded  sprangletop,  and  no  control  of  aquatic 

( Continued  on  page  32. ) 
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Thble  18.  — Experiment  5 (Stuttgart,  1976):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  dry-seeded  paddy  rice 1 
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See’footnotes  at  end  of  table. 
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7 No  values  are  significantly  different  (at  the  5%  level). 

8 Standard  herbicide  treatment. 


Thble  19.  — Experiment  5 (Stuttgart,  1977):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  dry-seeded  paddy  rice 1 
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See  footnotes  at  end  of  table. 
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8 Standard  herbicide  treatment. 


weeds.  Standard  treatments  of  molinate  gave  good 
control  of  barnyardgrass  and  bearded  sprangletop 
but  little,  if  any,  control  of  aquatic  weeds. 

Oxyfluorfen  applied  preemergence  gave  poor 
to  excellent  control  of  barnyardgrass,  bearded 
sprangletop,  and  aquatic  weeds.  It  controlled  barn- 
yardgrass and  bearded  sprangletop  in  2 of  3 years, 
and  it  controlled  aquatic  weeds  in  1 of  3 years. 
Propanil,  molinate,  or  thiobencarb  applied  post- 
emergence following  a preemergence  application  of 
oxyfluorfen  frequently  improved  control  of  the 
grass-aquatic  weed  complex  over  oxyfluorfen  alone, 
applied  preemergence.  Granular  oxyfluorfen  applied 
after  a standard  propanil  treatment  or  before  a 
standard  molinate  treatment  controlled  the  grass- 
aquatic  weed  complex  better  than  standard 
treatments  of  propanil  or  molinate  or  a single 
preemergence  application  of  oxyfluorfen. 

Oxadiazon  applied  preemergence  controlled  barn- 
yardgrass and  bearded  sprangletop  in  all  years 
and  controlled  aquatic  weeds  in  2 of  3 years.  Fol- 
lowing the  oxadiazon  with  a postemergence  appli- 
cation of  propanil  did  not  improve  control  of  the 
grass-aquatic  weed  complex  over  oxadiazon  alone. 
Postemergence  applications  of  a propanil-oxadiazon 
tank  mixture  controlled  barnyardgrass,  bearded 
sprangletop,  and  aquatic  weeds  in  all  years. 

Thiobencarb  applied  postemergence  controlled 
barnyardgrass  and  bearded  sprangletop  in  all  years 
and  controlled  aquatic  weeds  in  2 of  3 years.  Post- 
emergence application  of  tank  mixtures  of  thioben- 
carb and  propanil  improved  weed  control  little,  if 
any,  over  postemergence  application  of  thiobencarb 
alone. 

Postemergence  applications  of  propanil  and 
butachlor  controlled  barnyardgrass,  bearded 
sprangletop,  and  aquatic  weeds  in  all  years. 

Bentazon  applied  at  0.84  kg/ha  after  standard 
treatments  of  either  propanil  or  molinate  and  after 
germination  of  aquatic  weeds  controlled  the  aquat- 
ic weed  complex  in  all  years.  Bentazon  was  always 
applied  to  drained  plots  to  expose  aquatic  weeds 
to  the  spray.  Propanil  or  molinate  used  in  sequence 
with  bentazon  did  not  always  control  barnyard- 
grass and  sprangletop,  but  the  bentazon  controlled 
the  aquatic  weeds  that  germinated  after  these 
standard  treatments. 

All  herbicide  treatments  increased  grain  yields 
over  those  from  unweeded  plots.  In  no  year  did 
grain  yields  of  rice  from  any  treatment  differ 
greatly  from  those  of  rice  treated  with  standard 
applications  of  propanil  or  molinate. 

Head  rice  yields  and  seed  germination  were 


excellent  for  all  treatments  in  all  years.  Germina- 
tion levels  did  not  differ  significantly  among 
treatments  in  any  year.  Head  rice  yields  differed 
significantly  among  treatments  in  1978,  but  the 
yields  were  satisfactory  (55%  or  more)  from  all 
treated  plots. 

Water- Seeded  Rice 

Experiment  6 

Early  injury  ratings  taken  27  to  33  days  afte  • 
seeding  indicated  that  many  of  the  herbicide 
treatments  injured  rice  moderately  (tables  21-23). 
This  injury  was  usually  manifested  as  slight  crop- 
stand  reduction  and  slight  to  moderate  inhibition 
of  plant  growth.  Injury  ratings  made  at  midseason 
(53  to  70  days  after  seeding)  indicated  that  in  most 
cases  the  injury  was  temporary,  ranging  from  slight 
to  moderate  inhibition  of  plant  growth.  A standard 
postemergence  treatment  of  2,4,5-T  injured  rice 
more  than  a standard  postemergence  treatment  of 
propanil,  and  injury  to  rice  treated  with  2,4,5-T 
persisted  through  midseason.  Other  treatments 
that  caused  moderate  rice  injury  through  mid- 
season were  thiobencarb  applied  10  days  after 
seeding  at  3.4  kg/ha  and  sodium  azide  applied 
15  days  after  seeding  at  3,. 4 kg/ha. 

Standard  postemergence  treatments  of  propanil 
or  2,4,5-T  failed  to  control  the  aquatic  weed  com- 
plex (predominantly  ducksalad,  but  also  redstem, 
spikerush,  and  waterhyssop)  in  any  year.  The 
growth  stage  of  aquatic  weeds  and  rice  at  the  time 
of  treatment  are  given  in  table  24. 

Time  and  rate  of  application  of  thiobencarb 
affected  control  of  the  aquatic  weed  complex.  In 
2 of  3 years  all  rates  applied  10  days  after  seeding 
controlled  more  than  70%  of  the  one-leaf  aquatic 
weeds.  In  1974,  however,  rates  of  2.2  and  3.4  kg/ha 
gave  good  control  of  aquatics,  but  1.1  kg/ha  gave 
only  fair  control.  When  thiobencarb  was  applied  15 
days  after  seeding,  rates  of  2.2  and  3.4  kg/ha  con- 
trolled two-leaf  aquatic  weeds  in  all  years.  A rate 
of  1.1  kg/ha  controlled  them  in  2 of  3 years  (in 
1973  this  rate  gave  only  fair  control).  When  thio- 
bencarb was  applied  20  days  after  seeding,  a rate 
of  3.4  kg/ha  gave  good  to  excellent  control  of  four- 
leaf  aquatic  weeds  in  all  years;  2.2  kg/ha  gave  good 
to  excellent  control  in  2 of  3 years ; and  1 . 1 kg/ha 
gave  excellent  control  ih  1 of  3 years  and  fair  control 
in  the  other  2 years. 

( Continued  on  page  36. ) 
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Table  21.  — Experiment  6 (Stuttgart,  1973):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  water-seeded  paddy  rice1 
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5Injury  was  evaluated  27  days  after  seeding;  no  midseason  evaluation  was  made. 
6No  values  are  significantly  different  (at  the  5%  level). 

7Standard  herbicide  treatment. 


TSable  22. — Experiment  6 (Stuttgart,  1974):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  water-seeded  paddy  rice1 
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i'Starbonnet’  rice  seeded  into  floodwater  April  23,  emerged  May  3.  Values  within  a column  followed  by  the  same  letter  are  not  significantly  different  (using 
uncan’s  multiple-range  test  at  the  5%  level). 


5Standard  herbicide  treatment  . 
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See  footnotes  at  end  of  table. 


Thble  23. — Experiment  6 (Stuttgart,  1975):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  water-seeded  paddy  rice1  — Continued 


Thble  24.  — Experiment  6 (Stuttgart,  1973-75):  growth  stage 
and  height  of  rice  and  aquatic  weeds  at  time  of  treatment 
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Time  of  Rice  Aquatic  weeds1 

treatment 


(days  after 
seeding ) 

Growth 

stage 

Height 

(cm) 

Growth 

stage 

Height 

(cm) 

10 

1-leaf 

5 

1-leaf 

0.5 

15 

1-leaf 

10 

2-leaf 

1.0 

20 

3-leaf 

15 

4-leaf 

2.0 

1Ducksalad,  redstem,  waterhyssop,  and  spikerush. 


Tank  mixtures  of  propanil  and  thiobencarb 
applied  15  or  20  days  after  seeding  controlled 
more  than  70%  of  the  aquatic  weeds  in  all  years. 

Granular  potassium  azide  and  sodium  azide 
applied  into  the  flood  water  15  and  20  days  after 
seeding  controlled  aquatic  weeds  in  all  years. 

The  level  of  aquatic  weed  infestation  in  this 
experiment  did  not  reduce  grain  yields  greatly. 
Grain  yields  from  untreated  rice  were  good  to 
excellent  in  all  years,  ranging  from  5,880  to  8,186 
kg/ha. 

Grain  quality  (head  rice  yield  and  seed  germina- 
tion) did  not  differ  significantly  among  treatments 
in  1973,  but  minor  differences  apparently  not  as- 
sociated with  specific  herbicide  treatments  did 
exist  in  1974  and  1975.  Despite  some  differences  in 
grain  quality,  quality  was  considered  good  to  excel- 
lent from  all  treatments. 


Experiment  7 


A core  of  eight  treatments  was  repeated  in  all 
years  at  the  same  rice  and  aquatic  weed  growth 
stages  (tables  25-28).  These  were  a standard  treat- 
ment of  propanil  at  3.4  kg/ha  applied  to  two-leaf 
aquatic  weeds;  granular  thiobencarb  at  1.1  and  2.2 
kg/ha  applied  to  one-leaf  aquatics  (10  to  15  days 
after  seeding);  granular  thiobencarb  at  2.2  and  3.4 
kg/ha  applied  to  two-  and  four-leaf  aquatic  weeds 
(15  to  20  and  20  to  25  days  after  seeding);  and  a 
sequential  application  of  3.4  kg/ha  of  propanil  ap- 
plied to  two-leaf  aquatics  followed  by  2.2  kg/ha  of 
granular  thiobencarb  5 days  later. 

Because  preplanting  applications  of  nitrofluorfen 
and  bifenox  injured  rice  moderately  to  severely  and 
reduced  grain  yields  in  1974,  these  treatments  were 
not  repeated  in  1975  and  1976.  In  1975  and  1976  the 

( Continued  on  page  40. ) 
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Table  25.  — Experiment  7 (Stuttgart,  1974):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  water-seeded  paddy  rice1 
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7Standard  herbicide  treatment. 


Thble  26.  — Experiment  7 (Stuttgart,  1975):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  water-seeded  paddy  rice1 
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Table  27.  — Experiment  7 (Stuttgart,  1976):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  water-seeded  paddy  rice1 
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Thble  28.  — Experiment  7 (Stuttgart,  1974-76):  growth  stage  and  height  of  rice  and  aquatic 

weeds  at  time  of  treatment 


Time  of  treatment1 
(days  after  seeding) 

Rice 

Aquatic  weeds2 

Growth 

stage 

Height 

(cm) 

Growth 

stage 

Height 

(cm) 

1974 

1975 

1976 

10 

10 

15 

1-leaf 

3 

1-leaf 

0.5 

15 

15 

20 

1-leaf 

8 

2-leaf 

1.0 

20 

20 

25 

3-leaf 

15 

4-leaf 

2.0 

because  cool  temperatures  during  the  first  weeks  after  seeding  in  1976  slowed  the  growth 
of  rice  and  weeds,  herbicide  application  was  delayed  5 days  to  permit  plants  to  reach  the 
desired  growth  stage  and  height. 

2Ducksalad,  redstem,  spikerush,  and  waterhyssop. 


following  treatments  were  added:  a standard  treat- 
ment of  propanil  at  3.4  kg/ha  applied  to  four-leaf 
aquatic  weeds;  tank  mixtures  of  propanil  and  thio- 
bencarb  at  3.4 + 2.2  and  3.4 + 3.4  kg/ha  applied  to 
two-leaf  aquatics  ( 15  to  20  days  after  seeding),  and 
propanil  and  thiobencarb  at  3.4 + 3.4  and  6.7 + 6.7 
kg/ha  applied  to  four-leaf  aquatics  (20  to  25  days 
after  seeding).  Granular  thiobencarb  at  9.0  kg/ha 
applied  25  days  after  seeding  was  added  in  1976. 

Standard  treatments  of  propanil  gave  poor  to 
fair  control  of  aquatic  weeds  that  were  in  the  two- 
to  four-leaf  stages  in  most  years.  In  1975,  propanil 
controlled  two-leaf  aquatic  weeds,  but  the  aquatic 
weed  population  was  so  low  that  there  was  no  loss 
in  yield  even  in  the  unweeded  plots.  Propanil 
injured  rice  little,  if  any. 

Granular  thiobencarb,  applied  into  the  flood- 
water,  controlled  one-  to  four-leaf  aquatic  weeds  in 
all  years.  Rates  of  1.1  and  2.2  kg/ha  controlled 
one-leaf  aquatics,  and  2.2  and  3.4  kg/ha  controlled 
two-  and  four-leaf  aquatic  weeds.  Rice  in  one-  to 
three-leaf  stages  was  injured  slightly  to  moderately 
during  the  early  season,  but  it  recovered  from  most 
of  the  early  injury  by  midseason.  Thiobencarb  at 
9.0  kg/ha  controlled  the  aquatic  weeds  in  1976,  but 
it  injured  rice  moderately  to  severely,  and  the  injury 
persisted  through  midseason. 

In  2 of  3 years,  propanil  followed  by  granular 
applications  of  thiobencarb  controlled  the  aquatic 
weed  complex,  but  this  treatment  failed  to  control 
aquatic  weeds  in  1975.  This  treatment  injured  rice 
slightly  to  moderately  during  the  early  season,  but 
the  crop  recovered  by  midseason. 

Tank  mixtures  of  propanil  and  thiobencarb  at 
rates  of  3 . 4 + 2 . 2 and  3.4  + 3.4kg/ha controlled  two- 
leaf  aquatic  weeds  in  1 of  2 years.  Rice  was  injured 
moderately  by  these  mixtures,  and  injury  persisted 


through  midseason.  Propanil  and  thiobencarb  at 
3.4 + 3.4  and  6.7 + 6.7  kg/ha  controlled  four-leaf 
aquatic  weeds  both  years,  but  rice  was  injured 
moderately. 

Heavy  infestations  of  aquatic  weeds  reduced 
grain  yields  only  in  1976.  Generally,  rice  receiving 
treatments  that  controlled  aquatic  weeds  while 
causing  slight  to  moderate  crop  injury  yielded 
well.  Rice  receiving  treatments  that  caused  a high 
level  of  injury  or  gave  poor  to  fair  control  of 
aquatic  weeds  yielded  lower  than  the  better  per- 
forming treatments. 

Head  rice  yields  were  not  affected  by  any  of  the 
treatments,  and  germination  of  seed  harvested  from 
treated  rice,  was  excellent  (above  90%)  in  all  years. 

Experiment  8 

Aquatic  weeds  and  bearded  sprangletop  infested 
the  plots  in  all  years  (tables  29-32).  In  1976,  barn- 
yardgrass  and  broadleaf  signalgrass  also  infested 
the  plots.  In  1977,  spreading  dayflower  and  eclipta, 
two  broadleaf  weeds,  infested  the  plots  at  moderate 
population  levels  (about  20  plants/m2).  Because 
weed  populations  were  higher  in  1976  and  1977 
than  in  1978,  grain  yields  from  rice  in  the  unweeded 
plots  were  reduced  more  during  the  first  2 years 
than  during  the  last. 

Standard  treatments  of  propanil  applied  20  or 
25  days  after  seeding  injured  one-  or  two-leaf  rice 
slightly  to  moderately.  By  midseason  in  1977  and 
1978,  rice  exhibited  little,  if  any,  injury  from  the 
standard  propanil  treatments.  In  1976,  however, 
rice  treated  at  the  one-  and  two-leaf  stages  exhibited 
moderate  and  slight  injury,  respectively,  at  mid- 

( 'Continued  on  page  45. ) 
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Table  29.  — Experiment  8 (Stuttgart,  1976):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  water-seeded  paddy  rice1 
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Table  29  -Experiment  8 (Stuttgart,  1976):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  water-seeded  paddy  rice1  — Continued 
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8Standard  herbicide  treatment. 


TSable  31.  — Experiment  8 (Stuttgart.  1978):  influence  of  herbicide  treatment  on  weed  control,  crop  injury,  grain  yield,  head  rice  yield,  and  germination 

of  water-seeded  paddy  rice1 
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Thble  32.  — Experiment  8 (Stuttgart,  1976-78):  growth  stage  and  height  of  rice  and  weeds 

at  time  of  treatment1 


Time  of 

treatment 
(days  after 
seeding) 

Rice 

Aquatic  weeds2 

Bearded  sprangletop 

Growth 

stage 

Height 

(cm) 

Growth 

stage 

Height 

(cm) 

Growth 

stage 

Height 

(cm) 

15 

1-leaf 

3 

1-leaf 

0.5 

1-leaf 

0.5 

20 

1-leaf 

8 

2-leaf 

1.0 

2-leaf 

1.0 

25 

2-leaf 

13 

4-leaf 

2.0 

4-leaf 

5.0 

35 

tillering 

20 

6-leaf 

3.0 

tillering 

15.0 

JIn  1976,  barnyardgrass  and  broadleaf  signalgrass  infested  the  plots  in  addition  to  bearded 
sprangletop;  both  grasses  were  in  the  same  stage  as  bearded  sprangletop  for  each  time  of 
application.  In  1977,  spreading  dayflower  and  eclipta  (broadleaf  weeds)  also  infested  the  plots; 
they  were  in  the  1-,  2-,  4-,  and  6-leaf  stages  (or  2.5,  5.0,  7.5,  and  10.0  cm  tall),  respectively, 
on  the  successive  treatment  days. 

2Ducksalad,  redstem,  spikerush,  and  waterhyssop. 


season.  Standard  propanil  treatments  gave  varied 
levels  of  weed  control  during  the  3-year  period, 
ranging  from  none  to  good.  In  all  years,  2.2  kg/ha  pf 
propanil  failed  to  control  two-leaf  bearded  sprangle- 
top, and  in  2 of  3 years  4.5  kg/ha  failed  to  control 
four-leaf  bearded  sprangletop. 

Thiobencarb  applied  15  days  after  seeding  at  4.5 
kg/ha  controlled  the  aquatic  weed  complex  in  2 of 
3 years  and  controlled  bearded  sprangletop  in  all 
years.  This  treatment  also  gave  excellent  control 
of  the  grass  weed  complex  in  1976  and  the  broad- 
leaf weed  complex  of  spreading  dayflower  and 
eclipta  in  1977.  In  1976,  this  treatment  caused 
severe  early  injury  to  one-leaf  rice  and  moderate 
injury  to  older  rice,  but  the  rice  recovered  from 
most  of  the  injury  by  midseason.  Slight  to  moderate 
temporary  rice  injury  was  observed  in  1977,  and 
no  injury  was  observed  in  1978.  Despite  the  occur- 
rence of  injury,  rice  yields  were  not  affected. 

Thiobencarb  applied  20  days  after  seeding  at  4.5 
kg/ha  controlled  aquatic  weeds  only  in  1 of  3 
years  but  controlled  bearded  sprangletop  in  all 
years.  It  also  controlled  the  early  grass  weed 
complex  in  1976  and  the  broadleaf  weed  complex 
in  1977.  Although  slight  rice  injury  from  this 
treatment  was  still  evident  at  midseason  in  1976 
and  1977,  it  did  not  cause  yield  reductions. 

Thiobencarb  applied  25  days  after  seeding  at 
4.5  kg/ha  controlled  aquatic  weeds  in  2 of  3 years 
and  bearded  sprangletop  in  all  years.  This  treat- 
ment controlled  the  early  grass  weed  complex  in 
1976  and  the  broadleaf  weed  complex  in  1977.  It 
injured  rice  only  moderately  and  did  not  reduce 
yields. 

Tank  mixtures  of  propanil  and  thiobencarb  ap- 


plied 15  to  25  days  after  seeding  generally  gave 
good  to  excellent  control  of  bearded  sprangletop  in 
the  one-  to  four-leaf  stages.  However,  in  1977  rates 
of  2.2 + 3.4  and  3.4 + 3.4  kg/ha  applied  25  days  after 
seeding  gave  only  poor  to  fair  control.  Tank  mix- 
tures of  propanil  and  thiobencarb  controlled  aquatic 
weeds  less  consistently  than  they  controlled  bearded 
sprangletop.  Applications  at  15  days  after  seeding 
gave  good  to  excellent  aquatic  weed  control  in  2 of 
3 years.  Applications  at  20  days  after  seeding  gave 
excellent  aquatic  weed  control  in  1977  but  only 
poor  to  fair  control  in  1976  and  1978.  In  1976 
prdpanil-thiobencarb  mixtures  controlled  the  grass 
weed  complex,  and  in  1977  they  controlled  the 
broadleaf  weed  complex.  Applications  at  25  days 
after  seeding  gave  fair  to  excellent  control  of 
aquatic  weeds  all  3 years.  Propanil-thiobencarb 
tank  mixtures  injured  rice  no  more  than  moderately, 
and  the  rice  usually  recovered  by  midseason. 

A tank  mixture  of  propanil  and  bentazon  applied 
at  3.4  + 0.84  kg/ha  20  days  after  seeding  gave  fair 
control  of  the  early-season  grass  weed  complex  in 
1976  and  gave  excellent  control  when  applied  25  or 
35  days  after  seeding.  Except  for  applications  25 
days  after  seeding  in  1976,  poor  control  of  bearded 
sprangletop  was  obtained  regardless  of  when  the 
mixture  was  applied.  Propanil-bentazon  gave  ex- 
cellent control  of  broadleaf  weeds  in  1977  whenever 
applied.  Aquatic  weed  control  with  the  propanil- 
bentazon  tank  mixture  ranged  from  none  to  good, 
with  the  poorest  control  in  1978  and  the  best  in 
1977.  No  association  was  evident  between  time  of 
application  and  performance,  and  propanil-bentazon 
tank  mixtures  caused  no  more  than  moderate 
injury  to  rice. 
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A tank  mixture  of  molinate  and  bentazon  applied 
at  3.4  + 0.84  kg/ha  35  days  after  seeding  controlled 
aquatic  weeds  in  1 of  3 years  but  failed  to  control 
bearded  sprangletop  anytime  during  the  3-year 
period.  In  1977,  this  mixture  gave  excellent  control 
of  the  broadleaf  weed  complex  of  spreading  day- 
flower  and  eclipta,  and  early  control  of  the  grass 
weed  complex.  This  mixture  caused  no  more  than 
moderate  rice  injury. 

A tank  mixture  of  3.4  + 0.84  kg/ha  of  propanil 
and  2,4,5-T  applied  35  days  after  seeding  controlled 
aquatic  weeds  in  1 of  3 years  and  failed  to  control 
bearded  sprangletop  any  of  the  3 years.  It  gave 
early  control  of  the  grass  weed  complex  in  1976  and 
controlled  the  broadleaf  weed  complex  in  1977.  Rice 
treated  with  this  mixture  showed  only  moderate 
injury. 

A tank  mixture  of  molinate  and  2,4,5-T  applied 
at  3.4  + 0.84  kg/ha  35  days  after  seeding  controlled 
aquatic  weeds  1 of  3 years,  failed  to  control  bearded 
sprangletop  in  any  of  the  3 years,  and  controlled 
the  grass  weed  and  broadleaf  weed  complexes  in 
1976  and  1977,  respectively.  Rice  so  treated  exhibited 
no  more  than  moderate  injury. 

Rice  receiving  treatments  that  controlled  aquatic 
weeds  and  bearded  sprangletop  best  usually  pro- 
duced highest  grain  yields.  Rice  quality  was  excel- 
lent from  all  plots;  no  treatment  reduced  either 
head  rice  yield  or  seed  germination. 

DISCUSSION 

Dry-Seeded  Rice 

Standard  treatments 

Propanil  or  molinate  are  considered  the  stand- 
ard herbicides  because  they  are  used  on  most  of  the 
rice  grown  in  the  United  States  (U.S.  Department 
of  Agriculture-States-U.S.  Environmental  Protec- 
tion Agency  1979).  They  are  applied  postemergence 
alone,  in  tank  mixtures,  or  in  sequence  (Arkansas 
Cooperative  Extension  Service  1979).  The  results 
reported  herein  with  standard  propanil  and  molinate 
treatments  alone  or  in  combinations  in  weed  con- 
trol programs  agree  with  other  research  results 
(Smith  1977a,  Smith  et  al.  1977,  Eastin  and  Helpert 
1979). 

A standard  treatment  of  propanil  at  4.5  kg/ha 
consistently  controlled  four-leaf  bamyardgrass  and 
such  susceptible  broadleaf  weeds  as  eclipta  and 


hemp  sesbania  but  frequently  failed  to  control 
bearded  and  tighthead  sprangletop,  spreading  day- 
flower,  and  the  aquatic  weed  complex  of  duck- 
salad,  redstem,  and  waterhyssop.  This  standard 
treatment  also  failed  to  control  bamyardgrass 
and  other  susceptible  weeds  when  grass  plants  were 
subjected  to  moisture  and  temperature  stresses 
before  application.  A standard  treatment  of  granu- 
lar molinate  applied  postemergence  into  the  flood- 
water  consistently  controlled  four-leaf  to  tillering 
bamyardgrass  but  gave  inconsistent  control  of 
bearded  sprangletop  and  the  aquatic-broadleaf 
weed  complexes.6  Although  standard  treatments 
of  propanil  and  molinate  injured  rice  slightly  to 
moderately  soon  after  application,  the  rice  recovered 
from  the  early  injury  by  midseason.  Applying  flood- 
water  within  1 week  after  propanil  treatment  pre- 
vented reinfestations  of  bamyardgrass  but  increased 
problems  with  aquatic  weeds. 

An  early  application  of  propanil  controlled  two- 
leaf  bamyardgrass,  but  grass  plants  that  germinated 
after  treatment  reinfested  the  crop  and  frequently 
reduced  grain  yields.  To  control  these  weeds,  a 
second  application  of  propanil,  applied  1 to  2 weeks 
after  the  first  and  just  before  applying  a permanent 
flood  to  the  crop,  was  needed.  Timely  application 
of  floodwater  after  the  second  treatment  prevented 
reinfestations  of  bamyardgrass.  Because  propanil 
exhibited  no  residual  activity,  grass  and  broadleaf 
weeds  germinated  after  application,  and  aquatic 
weeds  germinated  and  infested  the  crop  as  soon  as 
the  rice  was  flooded.  When  all  bamyardgrass  plants 
had  emerged  by  the  time  of  the  first  propanil 
application,  a second  treatment  was  not  required. 

A tank  mixture  of  propanil  and  molinate  con- 
trolled bamyardgrass  (four-leaf  stage),  bearded 
sprangletop  (up  to  1.3  cm  tall),  and  spreading 
dayflower  or  eclipta  (up  to  2.5  cm  tall)  better 
than  single  treatments  of  propanil  or  molinate. 
Flooding  the  crop  within  a week  after  applying 
the  mixture  prevented  reinfestations  of  grass  and 
broadleaf  weeds.  The  residual  or  preemergence 
activity  of  this  mixture  was  no  better  than  a 
standard  propanil  treatment;  aquatic  weeds  ger- 
minated and  infested  the  crop  after  permanent 
flooding.  These  results  confirm  those  of  Smith 
(1974). 

A sequential  treatment  of  propanil  applied  to 


6Emulsifiable  formulations  of  molinate  applied  as  sprays 
to  soil  surfaces  vaporize  and  are  rapidly  lost  (Smith  et  al. 
1977). 
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two-leaf  barnyardgrass  followed  by  granular  moli- 
nate  applied  after  permanent  flooding  controlled 
barnyardgrass.  The  propanil  component  killed  the 
two-leaf  grass  plants,  and  molinate  killed  the  grass 
plants  that  emerged  after  propanil  application. 
However,  this  treatment  failed  to  control  spreading 
dayflower  or  the  aquatic  weed  complex. 

A sequential  treatment  of  a propanil-molinate 
tank  mixture  applied  to  two-leaf  barnyardgrass 
and  followed  by  granular  molinate  after  perma- 
nent flooding  controlled  barnyardgrass,  bearded 
and  tighthead  sprangletop,  and  eclipta.  The  tank 
mixture  controlled  two-leaf  barnyardgrass,  bearded 
and  tighthead  sprangletop  (up  to  1.3  cm  tall),  and 
eclipta  (up  to  2.5  cm  tall)  better  than  single  treat- 
ments of  propanil  or  molinate.  The  granular  molinate 
applied  into  the  floodwater  controlled  the  grass- 
broadleaf  weed  complex  that  emerged  after  applying 
the  herbicide  mixture.  Of  course,  this  treatment 
gave  no  residual  control  of  aquatic  weeds  that 
germinated  after  permanent  flooding. 

Propanil  applied  after  most  of  the  grass  plants 
emerged  controlled  barnyardgrass  with  one  to  four 
leaves.  (Molinate  applied  after  rice  becomes  large 
enough  to  tolerate  floodwater  controls  barnyard- 
grass that  is  in  the  one-leaf  to  tillering  stages  of 
growth.)  However,  propanil  or  molinate  alone  fre- 
quently failed  to  control  bearded  and  tighthead 
sprangletop;  the  aquatic  weed  complex  of  duck- 
salad,  redstem,  and  waterhyssop;  and  some  of  the 
more  resistant  broadleaf  weeds  such  as  spreading 
dayflower.  The  use  of  propanil  and  molinate  in 
treatment  programs  such  as  tank  mixtures  or  as 
sequential  treatments,  improved  control  of  tolerant 
weeds  such  as  bearded  and  tighthead  sprangletop 
and  spreading  dayflower  as  well  as  susceptible 
barnyardgrass  but  did  nothing  to  control  the  aquatic 
weed  complex. 

Tank  mixtures 

Early  postemergence  applications  of  tank  mix- 
tures that  combined  propanil  with  preemergence 
or  residually  active  herbicides  improved  control  of 
the  grass-broadleaf-aquatic  weed  complexes  com- 
pared with  standard  treatments  of  propanil  or 
molinate,  alone  or  in  treatment  programs.  Such 
tank  mixtures  controlled  small  barnyardgrass  ( two- 
leaf),  bearded  and  tighthead  sprangletop  (up  to 
1.3  cm  tall),  eclipta,  and  spreading  dayflower  (up 
to  2.5  cm  tall);  they  gave  residual  control  of  the 
grass-broadleaf  weed  complex  for  3 to  5 weeks  after 


application;  and  they  controlled  the  aquatic  weed 
complex  (ducksalad,  redstem  and  waterhyssop) 
that  germinated  after  permanent  flooding. 

Some  of  the  residual  herbicides  that  were  mixed 
with  propanil  were  more  effective  than  others.  Tank 
mixtures  of  propanil  with  butachlor,  oxadiazon,  or 
thiobencarb  were  the  most  effective  for  controlling 
the  aquatic-broadleaf-grass  weed  complexes.  They 
usually  controlled  the  weed  complexes  better  than 
single  treatments  of  butachlor,  oxadiazon,  or  thio- 
bencarb applied  preemergence  or  postemergence. 
Although  all  three  of  these  residual  herbicides  gave 
good  to  excellent  control  of  the  aquatic-broadleaf- 
grass  weed  complexes,  propanil-oxadiazon  and 
propanil-butachlor  controlled  the  aquatic  weed  com- 
plex more  consistently  than  propanil-thiobencarb. 
The  most  effective  rates  of  these  tank  mixtures 
from  standpoints  of  weed  control  and  crop  tolerance 
were  propanil-butachlor  at  3. 4 + 2. 8 and  3. 4 + 3. 4 
kg/ha;  propanil-oxadiazon  at  2.2  + 0.84,  3.4  + 0.84, 
and  3.4  + 1.1  kg/ha;  and  propanil-thiobencarb  at 
3.4 + 3.4  kg/ha.  Propanil-butachlor  and  propanil- 
oxadiazon  applied  at  the  higher  rate  ranges  were 
slightly  more  effective  in  experiments  on  Perry 
clay  than  on  Crowley  silt  loam.  Several  previous 
reports  indicated  that  these  mixture  treatments 
performed  well  (Smith  1970,  Derting  et  al.  1971, 
Helpert  and  Eastin  1975,  Hogue  1976,  LeClair 
1977,  Smith  1977a). 

Plots  did  not  need  to  be  flooded  soon  after 
these  mixture  treatments  because  the  residual 
herbicide  component  in  the  mixture  prevented 
weed  reinfestations  for  3 to  5 weeks  after  applica- 
tion. However,  moisture  from  rain  or  irrigation  was 
required  to  activate  the  preemergence  herbicide 
component  ( results  that  agree  with  those  reported 
by  Smith  1975). 

Herbicide  mixtures  that  performed  less  effec- 
tively than  those  mentioned  above  were  mixtures 
of  propanil  and  bifenox  and  propanil  and  butralin. 
Propanil-bifenox  gave  inconsistent  control  of  the 
aquatic-broadleaf-grass  weed  complexes,  a less 
effective  performance  than  that  reported  by  Eastin 
and  Helpert  (1979).  Although  propanil-butralin 
controlled  barnyardgrass  consistently,  this  mixture 
frequently  failed  to  control  the  aquatic-broadleaf 
weed  complexes.  Nevertheless,  propanil-butralin 
tank  mixtures  applied  postemergence  frequently 
controlled  weeds  better  than  butralin  applied  alone 
preemergence.  (Preemergence  applications  of  butra- 
lin controlled  barnyardgrass  less  effectively  in  this 
study  than  in  research  reported  by  Szilvassy  in 
1979.) 
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Sequential  treatments 

Sequential  applications  of  two  herbicides  con- 
trolled the  aquatic-broadleaf-grass  weed  complexes 
better  than  propanil  or  molinate  used  alone  or  in 
treatment  programs,  but  sequential  treatments 
usually  controlled  weeds  less  effectively  and  con- 
sistently, and  frequently  injured  rice  more  than 
herbicide  mixtures  applied  early  postemergence. 

Preemergence  applications  of  several  herbicides 
followed  by  standard  treatments  of  propanil  or 
molinate  varied  in  control  of  weeds  and  damage  to 
rice.  Usually,  residually  active  herbicides  injured 
rice  more  when  applied  preemergence  than  when 
applied  postemergence  in  tank  mixtures  with 
propanil  or  in  sequence  with  either  propanil  or 
molinate.  However,  the  crop  usually  recovered 
from  this  early  injury  by  midseason  (50  to  70 
days  after  seeding). 

Preemergence  herbicide  treatments  that  con- 
trolled the  aquatic-broadleaf-grass  weed  complexes 
and  injured  rice  only  slightly  to  moderately  in- 
cluded oxadiazon,  butachlor,  thiobencarb,  and  bi- 
fenox.  Of  these  four,  oxadiazon  usually  gave  the 
most  consistent  and  best  residual  control  of  the 
aquatic  weed  complex;  it  was  followed  by  bifenox, 
butachlor,  and  thiobencarb,  in  order  of  diminishing 
performance.  These  four  residual  herbicides  applied 
sequentially  with  propanil  or  molinate  frequently 
controlled  other  weeds  including  bearded  and  tight- 
head  sprangletop,  eclipta,  and  spreading  dayflower 
better  than  preemergence  treatments  of  the  same 
herbicides  alone  or  standard  propanil  or  molinate 
applications.  When  these  four  herbicides  were  ap- 
plied preemergence  alone,  bifenox  controlled  barn- 
yardgrass  least.  Therefore,  standard  applications 
of  propanil  or  molinate  were  more  essential  for 
control  of  barnyardgrass  after  preemergence  ap- 
plications of  bifenox  than  those  of  oxadiazon, 
butachlor,  or  thiobencarb.  Even  so,  standard  pro- 
panil or  molinate  applications  were  usually  neces- 
sary after  preemergence  applications  of  oxadiazon, 
butachlor,  or  thiobencarb  for  complete  control  of 
weeds.  Rates  that  controlled  and  did  not  injure  rice 
severely  were;  0.84  to  1.1  kg/ha  for  oxadiazon,  3.4 
kg/ha  for  bifenox,  3.4  kg/ha  for  butachlor,  and 
4.5  kg/ha  for  thiobencarb.  Emulsifiable,  wettable 
powder,  and  flowable  formulations  of  bifenox  ap- 
plied preemergence  and  combined  with  standard 
propanil  or  molinate  treatments  performed  well. 
Other  research  has  also  indicated  that  sequential 
treatments  with  bifenox,  butachlor,  oxadiazon,  or 


thiobencarb  applied  preemergence  and  followed  by 
standard  propanil  applications  control  weeds  with- 
out severe  rice  injury  (Derting  et  al.  1971,  Palmer 
and  Helpert  1974,  Dean  et  al.  1976,  Hogue  1976, 
Dean  and  Dreger  1977,  Smith  1977a,  Eastin  and 
Helpert  1979). 

A sequential  treatment  of  butralin  applied  pre- 
emergence and  followed  by  a standard  application 
of  propanil  controlled  barnyardgrass  but  frequently 
failed  to  control  aquatic  weeds.  And  although  oxy- 
fluorfen  applied  preemergence  and  followed  by  a 
standard  treatment  of  propanil  usually  controlled 
barnyardgrass  and  bearded  sprangletop,  it  was 
less  consistent  in  controlling  aquatic  weeds  than 
oxadiazon,  butachlor,  bifenox,  or  thiobencarb  ap- 
plied in  the  same  sequence. 

Standard  applications  of  either  propanil  or  moli- 
nate followed  by  bentazon  applied  to  plots  drained 
after  aquatic  weeds  emerged  controlled  barnyard- 
grass and  the  aquatic  weed  complex  of  ducksalad, 
redstem,  and  waterhyssop.  A rate  of  0.84  kg/ha  of 
bentazon  controlled  the  aquatics,  and  the  propanil 
or  molinate  controlled  the  barnyardgrass.  These 
treatments  failed  to  control  bearded  sprangletop; 
propanil,  molinate,  and  bentazon  have  also  failed 
to  control  bearded  sprangletop  (Smith  et  al.  1977, 
Atwell  et  al.  1978).  Spreading  dayflower  was  seldom 
present  in  our  plots,  but  it  has  been  controlled  by 
postemergence  applications  of  bentazon  (Daniel 
1974,  Palmer  and  Helpert  1974). 

Standard  applications  of  propanil  or  molinate 
followed  by  granular  thiobencarb  or  bifenox  ap- 
plied just  before  or  just  after  permanent  flooding 
controlled  barnyardgrass,  spreading  dayflower,  and 
the  aquatic  weed  complex  of  ducksalad,  redstem, 
and  waterhyssop.  The  propanil  or  molinate  con- 
trolled barnyardgrass;  the  bifenox  or  thiobencarb 
controlled  emerged  aquatic  weeds  and  those  that 
germinated  after  application  and  also  improved 
the  control  of  spreading  dayflower  and  bearded 
sprangletop.  Standard  rates  of  propanil  or  molinate 
combined  with  2.2  kg/ha  of  either  granular  thio- 
bencarb or  bifenox  controlled  weeds  without  in- 
juring the  crop.  In  other  studies,  granular  bifenox 
applied  into  the  floodwater  after  standard  treat- 
ments of  propanil  controlled  aquatic  weeds  selec- 
tively in  rice  (Dean  et  al.  1976). 

Standard  treatments  of  propanil  followed  by 
granular  nitrofluorfen  or  oxyfluorfen  applied  just 
before  permanent  flooding  controlled  barnyard- 
grass, spreading  dayflower,  and  the  aquatic  weed 
complex  of  ducksalad,  redstem,  and  waterhyssop; 
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the  propanil  controlled  barnyardgrass,  and  the 
nitrofluorfen  or  oxyfluorfen  controlled  spreading 
dayflower  and  aquatic  weeds.  Propanil  followed 
by  oxyfluorfen  performed  better  on  silt  loam  than 
on  clay  soil.  Oxyfluorfen  did  not  enhance  control 
of  bearded  or  tighthead  sprangletop,  compared 
with  propanil  alone.  Nitrofluorfen  at  rates  of  0.28 
and  0.56  kg/ha  controlled  aquatic  weeds;  0.28 
kg/ha  did  not  injure  rice,  but  0.56  kg/ha  did. 
Oxyfluorfen  at  0.22  kg/ha  controlled  aquatic 
weeds  with  minimum  rice  injury. 

Standard  treatments  of  propanil  followed  by 
triclopyr  applied  after  aquatic  weeds  emerged 
failed  to  control  ducksalad,  redstem,  and  water- 
hyssop.  The  propanil  component  usually  controlled 
barnyardgrass,  but  triclopyr  did  not  improve 
control  of  aquatic  weeds,  spreading  dayflower,  or 
eclipta  over  a single  treatment  of  propanil.  Triclopyr 
caused  slight  injury  to  rice  (chlorosis  of  plants)  at 
0.28  kg/ha,  but  the  rice  recovered  by  midseason. 

Granular  nitrofluorfen  (at  0.28  and  0.56  kg/ha) 
or  oxyfluorfen  (at  0.22  kg/ha)  applied  just  before 
permanent  flooding  and  followed  by  standard 
treatments  of  molinate  applied  just  after  flooding 
injured  rice  while  controlling  barnyardgrass,  bearded 
sprangletop,  and  aquatic  weeds.  The  rice  usually 
recovered  from  the  injury  by  midseason. 

A sequential  treatment  of  oxyfluorfen  applied 
preemergence  (at  0.28  kg/ha)  followed  by  an  early 
postemergence  treatment  of  thiobencarb  (at  4.5 
kg/ha)  controlled  barnyardgrass,  bearded  sprangle- 
top, and  aquatic  weeds  without  undue  injury  to 
rice. 

Water-Seeded  Rice 

Standard  treatments 

Propanil,  2,4,5-T,  or  2,4-D  are  considered  stand- 
ard herbicides  in  commercial  weed  control  programs 
in  water-seeded  rice  (Smith  et  al.  1977,  Smith 
1979).  Propanil  applied  during  the  early  season 
controls  barnyardgrass  and  other  susceptible  grass 
and  broadleaf  weeds,  but  it  fails  to  control  the 
aquatic  weed  complex  and  such  tolerant  grass 
weeds  as  sprangletop  species.  The  phenoxy  herbi- 
cides, 2,4,5-T  and  2,4-D  applied  at  midseason, 
control  broadleaf-aquatic  weed  complexes.  Because 
aquatic  weeds  compete  with  rice  during  the  early 
season,  2,4,5-T  may  be  applied  3 to  6 weeks  after 
rice  emergence  to  suppress  growth  of  these  weeds. 


However,  it  frequently  fails  to  control  aquatic 
weeds  (especially  ducksalad),  even  when  applied  to 
small  weed  plants.  Also,  after  early  season  appli- 
cations of  2,4,5-T,  aquatic  weeds  may  reinfest  the 
crop  and  compete  with  rice.  Although  2,4-D  applied 
3 to  6 weeks  after  rice  emergence  controls  aquatic 
weeds  (including  ducksalad),  it  injures  seedling 
rice  plants  severely  (Smith  et  al.  1977). 

In  these  experiments,  standard  treatments  of 
propanil  or  2,4,5-T  applied  early  in  the  season 
(2  to  3 weeks  after  seeding)  consistently  failed 
to  control  the  aquatic  weed  complex,  results  that 
confirm  previous  research  (Smith  1977b). 


Single  herbicide  treatments 

Thiobencarb  applied  10  to  25  days  after  rice  was 
water-seeded  controlled  aquatic  weeds  0.5  to  2 cm 
tall.  Both  the  emulsifiable  formulation  sprayed  on 
drained  plots  and  the  granular  formulation  applied 
into  the  floodwater  were  effective;  they  controlled 
aquatic  weeds  better  than  standard  treatments  of 
propanil  or  2,4,5-T.  They  also  controlled  grass  weeds 
(such  as  barnyardgrass,  bearded  sprangletop,  and 
broadleaf  signalgrass)  and  broadleaf  weeds  (such 
as  spreading  dayflower  and  eclipta)  better  than 
standard  propanil  treatments.  Thiobencarb  con- 
trolled both  emerged  weeds  and  those  that  germina- 
ted for  several  weeks  after  application.  Thiobencarb 
injured  one-leaf  plants  more  than  two-  or  four-leaf 
rice  plants.  Rates  of  2.2  to  4.5  kg/ha  controlled 
weeds  better  than  1.1  kg/ha,  but  4.5  kg/ha  injured 
rice  more  than  lower  rates.  Considering  both  weed 
control  and  crop  tolerance,  the  optimum  rate  was 
3.4  kg/ha  applied  after  the  crop  stand  was  estab- 
lished (two-  to  four-leaf  stages).  Our  results  concur 
with  earlier  reports  ( Smith  1977b ) that  thiobencarb 
controls  aquatic  weeds  selectively  in  water-seeded 
rice. 

Granular  potassium  azide  and  sodium  azide 
applied  postemergence  into  the  floodwater  15  to 
20  days  after  seeding  controlled  the  aquatic  weed 
complex  of  ducksalad,  redstem,  spikerush,  and 
waterhyssop.  These  herbicides  controlled  weeds  in 
the  two-  to  four-leaf  stages  (up  to  1 to  2 cm  tall) 
without  severe  injury  to  one-leaf  rice  (at  least 
10  cm  tall).  A rate  of  3.4  kg/ha  of  either  herbicide 
controlled  weeds  and  did  not  permanently  injure 
rice.  Our  results  with  potassium  azide  and  sodium 
azide  agree  with  previous  research  (Newman  1976, 
Smith  1977b). 
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Preplant  treatments  of  nitrofluorfen  or  bifenox 
injured  water-seeded  rice  and  failed  to  control 
aquatic  weeds.7 

Tank  mixtures 

Tank  mixtures  of  herbicides  applied  early  post- 
emergence controlled  aquatic  weeds  with  only  slight 
to  moderate  rice  injury.  A tank  mixture  of  propanil 
and  thiobencarb  controlled  aquatic  weeds  better 
than  such  other  mixtures  as  propanil  and  2,4,5-T, 
propanil  and  bentazon,  molinate  and  2,4,5-T,  or 
molinate  and  bentazon.  Propanil-thiobencarb  ap- 
plied 15  to  25  days  after  seeding  controlled  aquatic 
weeds  in  the  one-  to  four-leaf  stages  (0.5  to  2 cm 
tall)  and  bearded  sprangletop,  barnyardgrass,  and 
broadleaf  signalgrass  in  the  one-  to  four-leaf  stages 
(0.5  to  5 cm  tall).  This  treatment  frequently  injured 
rice  moderately  during  the  early  season,  but  the 
crop  outgrew  most  of  the  injury  by  midseason  and 
produced  excellent  grain  yields  and  quality.  When 
cool  temperatures  delayed  germination  and  growth 
of  rice,  delaying  treatment  until  rice  plants  became 
rooted  in  the  soil  improved  safety  to  the  crop. 
Optimum  rates  for  this  mixture  were  3.4  kg/ha  of 
propanil  and  2.2  to  3.4  kg/ha  of  thiobencarb. 
Earlier  reports  (Smith  1977b)  showed  that  propanil 
and  thiobencarb  applied  early  postemergence  con- 
trolled aquatic  weeds  and  caused  only  slight  to 
moderate  injury  to  water-seeded  rice. 

A tank  mixture  of  propanil  and  bentazon  applied 
at  3.4  + 0.84  kg/ha  20  to  35  days  after  seeding 
gave  erratic  control  of  aquatic  weeds,  especially 
ducksalad.  The  optimum  time  of  application  was 
25  days  after  seeding,  when  aquatic  weeds  had 
four  leaves  (2  cm  tall).  This  mixture  controlled 
spreading  dayflower,  eclipta,  barnyardgrass,  and 
broadleaf  signalgrass  but  usually  failed  to  control 
bearded  sprangletop.  Rice  in  the  one-leaf  to  tillering 
stages  was  injured  moderately  during  the  early 
season,  but  the  crop  outgrew  most  of  the  injury  by 
midseason  and  produced  good  grain  yields  when 
weeds  were  controlled.  Other  research  indicated 
that  tank  mixtures  of  propanil  and  bentazon  ap- 
plied early  postemergence  controlled  ducksalad, 
redstem,  and  barnyardgrass  (Cole  et  al.  1977, 
Atwell  et  al.  1978). 


7Bifenox  is  recommended  only  for  dry-seeded  rice 
because  of  the  amount  of  injury  it  causes  water-seeded 
rice  (Arkansas  Cooperative  Extension  Service  1979). 


Tank  mixtures  of  propanil  and  2,4,5-T,  molinate 
and  2,4,5-T  and  molinate  and  bentazon  gave 
inconsistent  control  of  aquatic  weeds,  especially 
ducksalad.  They  controlled  barnyardgrass,  broad- 
leaf signalgrass,  eclipta,  and  spreading  dayflower 
but  failed  to  control  bearded  sprangletop.  Rates 
that  controlled  these  grass-broadleaf  weeds  were 
3.4  kg/ha  of  propanil  or  molinate  mixed  with  0.84 
kg/ha  of  2,4,5-T  or  bentazon.  These  mixtures  did 
not  injure  rice  permanently.  Other  research  indi- 
cated that  propanil  and  2,4,5-T  applied  early  post- 
emergence controlled  aquatic  weeds  selectively  in 
rice  (Smith  1973). 

Sequential  treatments 

Standard  treatments  of  propanil  at  3.4  kg/ha 
followed  by  2.2  kg/ha  of  granular  thiobencarb 
applied  into  the  floodwater  20  to  25  days  after 
seeding  controlled  the  aquatic  weed  complex  of 
ducksalad,  redstem,  spikerush  and  waterhyssop. 
The  thiobencarb  controlled  four-leaf  aquatic  weeds 
that  were  1 cm  tall.  This  sequential  treatment 
controlled  aquatic  weeds  better  than  a single 
treatment  of  propanil  and  equally  as  well  as  a 
single  treatment  of  granular  thiobencarb  applied 
at  the  same  rate.  And  although  the  addition  of 
propanil  did  not  improve  control  of  aquatics,  it 
may  improve  control  of  barnyardgrass.  Thesev 
results  agree  with  earlier  reports  (Smith  1977b). 

Sequential  treatments  of  nitrofluorfen  at  0.28 
kg/ha  or  bifenox  at  1.1  kg/ha  applied  preplant, 
followed  by  granular  thiobencarb  at  2.2  kg/ha 
applied  into  the  floodwater  20  days  after  seeding, 
injured  rice  moderately  to  severely  and  reduced 
grain  yields  even  though  they  controlled  the 
aquatic  weeds.  Nitrofluorfen  and  bifenox  injured 
the  crop  more  than  thiobencarb. 
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APPENDIX.  - SCIENTIFIC  NAMES  OF  PLANTS 
DISCUSSED  IN  THIS  PUBLICATION 


Common  name 


Scientific  name 


Barnyardgrass 

Bearded  sprangletop 

Day  flower 

Ducksalad 

Eclipta 

False  pimpernel 
Hemp  sesbania 

Knotgrass 

Morningglory 

Panicum 

Pondweed 

Redstem 

Rice 

Smartweed 

Spikerush 
Sprangletop 
Spreading  dayflower 
Tighthead  sprangletop 
Umbrellasedge 
Waterhyssop 
Waterprimrose 
Willowleaf  morningglory 


Echinochloa  crus-galli  (L.)  Beauv. 
Leptochloa  fascicularis  (Lam.)  Gray. 
Commelina  spp. 

Heteranthera  lirnosa  (Sw. ) Willd. 
Eclipta  alba  (L.)  Hassk. 

Lindernia  anagallidea  (Michx.)  Pennell. 
Sesbania  exultata  (Raf.)  Cory. 
Paspalum  distichum  L. 

Ipomoea  spp. 

Panicum  spp. 

Potamogeton  spp. 

Ammannia  auriculata  Willd. 

Oryza  sativa  L. 

Polygonum  spp. 

Eleocharis  spp. 

Leptochloa  spp. 

Commelina  diffusa  Burm.  f. 

Leptochloa  panicoides  (Presl)  Hitchc. 
Cyperus  spp. 

Bacopa  rotundifolia  (Michx.)  Wettst. 
Jussiaea  spp. 

Ipomoea  wrightii  Gray. 
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